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^ (57) : Abstract: An IC card comprising a data memory section (503) consisting of a plurality of storage elements. The storage element 
comprises a semiconductor substrate, a semiconductor film arranged on a well region or an insulator provided in the semiconductor 
0© substrate, a gate insulation film formed on the semiconductor film arranged on the semiconductor substrate, the well region provided 
I/*) in the semiconductor substrate, or the insulator, a single gate electrode formed on the gate insulation film, two memory function 
® bodies formed on the opposite sides of the sidewall of the single gate electrode, a channel region arranged beneath the single gate 
^ electrode, and diffusion layer regions arranged on the opposite sides of the channel region. A low-cost IC card is provided by mount- 
^ ing a memory employing storage elements which can be scaled down furthermore. 
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H&m$ 114 T 2 lUi N lR^oM^ir^^*B&itoS»*»fe± 

a>:bb-f\ ^-MfelftBli 1 4©T2J:!pfcJ?<i-3££#*r*BT?*>3. i-ftfr 

^ # ) v mum t hus u-c^a^ y = ^mtm 141) off § t 

l Sr*HK:RW-e# y * P ft&i&ft 161, 16 2^^-y ;^g>P»# 
£te&*;h/-cv^v>r. iritis. ^cofc£\ MftftDti l 4 (cm-SSft 

*;v®mft±<Dmm\z.frfrfrh-r, w©n^Ti^-fWi 1 4oj? 
<y-hmmmi 1 4©t l^jKtsrttat), y*y»tBfri 6 1 % 16 
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- hm««iz^«^— ms^ml, ±ia»ii^-m*^— hffi^tc^-r 

Xta ^ ^Mg}$ t ^iT & t&BM<oW- £ ft 7 n m^TOT^ l±»JgKfc;t? # ft v 

©S*dS*BK-t-5fc*s ^«^fflHii:ft6 0 Hi£> ITRS (International 
Technology Roadmap for Semiconductors : H$g¥^#&fl?o — ^^7*) «fc 

l l 4©f^T2 i^BS'J»z:|5WH-T?#*-i:^iD, IWWfcjWffifcft*. 011*. 

ff % *|SM-ettx ^r— f ll^S (!7 — K&ff) 4 5nm©^*!J'feA'|!:#fC> 
T 2 = 4 n m, T 1 = 7 n m-ejHB>]K{R£ U S^-Tr-*A^ft*©»^ bfcV^SEtft 
*?**SUfc. ^-HfeBKl 1 4 0ff$T2S:MOni?y^ f7V^^ 
J: 19 ^j¥<I^L-T 1 bM^ J r^/^^:^^UftV^S{^- hUl 1 7 K*f 
tt, y-VKWyitl 12, 11 3 tfS^ir s> h L-cv^5£:*-ea>5. 

112, 1 1 3^*7-fey h U-fV^fc** ^ h 7 9 t ttftfc 

£l.±M&H-5i:. 6 1, 1 6 2 ©_L«BK:*&, m*SrffiSbi-5 
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*i\ mmm^ow&zmftWM*. m i e&xm 1 7 zm^mw-tz. m 

^ 2 0 3 2 0 4 f*^«- Mill, WLI4!7- Klfc B L I f±ft 

$stg#: 2 3ia xrWR 2 © * 4 y ^iMffc 23ib as@ffi£0M$i-58& 

3ia, 23 i bic*-?Sraxi-5nfc*«i-r.fci:«. £^ tait«-TfiN 

1 6 i^-r «t 5^n o?i£tfciB««2 07a (NSi©J»«iSr*rf-«) 

m 2 ^tsui 207b (Nm<ommm^-r^) & f w ^mm 

k-fZo M*-t£, ^ 1 ©ttlli 2 0 7 a WPl!>x« 2 0 2 IC 0 V, 

m 2 v>WttM&fo 2 0 7b(:+5V> V s — f 2 0 4 lc+ 5 v Srppip-ftbff J; 

v>. ft^iE^m- intf, sis® 226^ mi (D^mmmm 207a 

l<D^«igf*2 3 1 aiSflrett* tf^ F^t^ Fny»L^V^fcft, # 

j: 5 k tt, us 2 <z> y * 9 &fg# 231b kih^&a i/r. #&#-£*t 

l 7 l^-r J: 5 fcx 2 ©fciicJf « 2 o 7 b & y-*«^ % i ©tttWSffl 
*Z07a*HWy|«it5. fll*^ £2Ot£fftJgfg#2 0 7bRtfPS 
^*M«20 2|C0V, »KOtt»Ji«ig52 0 7 afc+5V % ^Mt2 0 
4t+5V»WiV\ ^£5^ |20^Ui»231bW 
^ftAt5t'^i:li, y^/KW^Sr^tSC^i^ &l*>y 
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JdEIBW^JfiScftf^llieffiSrBI 1 8 1 01 9MB2 0«t5„' 

' » i oj* * v mtfefc 2 3ia taa**n/tiim*?fi*-t-«fs 1 <Djmx*t±* m 

l 8 fc3*-f J; ^1 2 0 7 a fcjEffiJE + 5 V) N P 

5 m$*'l>^$Z2 0 2^0V»LT, JR l<Oi£1!fc)B«iS-2 0 7 a tPl^xA' 

®4S2 0 2 ^©PNS^lcatfr^VTXSri^ JEte^- MS2 O 4(^1 
jee (09*.^ -5V) SrHWBi-*ui.fcv\, rotf, ±l2PN^-a-©9^y— h 

ii2 0 4 ft-aa-m. a«ee win s tiitr— hmm 204 ©ie»u: «t 5 ^ 

10 PS!)x;^2 0 2«t*5'b*-;i/ (ift^^— <DIE?L) fr&^-fZo n 

105 ^^11*8^2 3 1 a^—^aA^tT3&*7tL5- wC0«t5^UX. 1 
^^!) $£tgf$ 2 3 1a om^aSfTfefetbS. ^ <D i: #|f! 2 OtttfeS^ 2 0 7b 

{3i t±ov & ft] flni-ftti <t v \ 
15 m 2 * y 2 3lb KfB'lt $ ftfc ttmSr!H*i- 5*6*** -hfEfcifcV^ 

XI 1 <o$fflMW& 2 0 7 a km 2 <D$iW:mm%c2 0 7b t ©S{fc*rAix#;Ux 
rt!i v\ o* H ©ifeiWf 2 0 7 a ©Ppin«ES: ov % i2 (DteWtmm 
i2 0 7 b©PPin«ES:+ 5 Vfc-f-*LfS«fcV\, 

# 1 <z>^ y mm 231a fcsa**^tff«SrM*i"5* 2 ©^fe-ett. b 
20 1 9 ic^-r J: 5 te, is i com^mmm 207a icjesee + 4 v) „ m 

2<D&Mmffl&2 0 7 bCOV, y— MI2 0 4fc:£SJBE - 4 V) , 

plj'xMHt2 0 2fcitE (iiil +o. sv) srppani-ttwriv\ 
m. p si ^/mhhk 20 2 ii2 otmm&m 2 0 7 b t (Dmam^mmm^ 

PWt? =^7^W$.2 0 2 U:S^t£A£;fa5. &A£ti>^^^ Pi") 

25 * A-^ig 20 2i:Il O&flMMKtt 2 0 7 atOP N&#* "CttlB: U -t - 

^t#fcJ:i9iDl^ht*y b^i/^ foyt45. i©** h^i^ ho^fct. 

02ig2 ©S£«ic«1S5iSE 2 0 7 b 4: ©ffllUH*tfl*E*fiHnrt-5 -it-i^ p 
m^^/^W&2 0 2 left* tf s ^ !> tf—kte-oX, K**W-teffii~5 P 
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r. 2 £*lfi, Pl!)*^ 20 2iil O&ffcJMtt 2 0 7 a 

feV^SJEL^*n'*tL5&v^»^K:*5V^t>^ *2'©iEIMHH*jE2 0 7 bd>£>&A 

/i-£3§££*S - fca s T?t So Ufc^o-C^ ^*tt.fP*0«BES:eT*-«S r <t 
So iOKSfUBS 207a, 207b^- hH 204i tfS^-fe 

y b vx^zm&tt, AoWtoTO^Sfrfc^- hfHB2 04(au _hlSPNt£ 

m*^i*-ef*> IB 1 ©KIWI®* 20 7 aiC+5 V»L!feit^^&^^o 

ii©^y at§{* 2 3 1 a {ciia'it $ ifcfci»#&tt*m-*i»£\ m 2 o t^-r 
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x o ^ mi <Dt£ i &mmi$. 2 0 7 a sry-*^^ n 2 ^rajus^ 207b 

Mm® 2 0 7 a MPSv'^^t2 0 2 JC 0 V. % 2 Ofc^^ 207bt 

+ 1. 8 V, y-h*ffi2 0 4l:+2V»W «tv\ i(D^ s Hio^^e 
U '«tgfc 2 3 1a KS^^IS LTl^lMB^l-Wu K W >«t*$«Hx^t-V\ 

Kio^f y«£#2 3 i aict^tWttv>5tfrtt; jgi^y-ey 

2 e>y. * y iHt&ft 2 3 1b miB«§HfcflmSrSK*W"ti&^> * 2 cD&ifc® 
«2 0 7 b «ry-*««^ SSI o*t»JBIS«2 o 7 a KW >IB«4: U 
h ^*Jx ? &ffia&&Shf!F ^*5„ Mk.t£s <offlmW& 2 0 7 b &T>* P 

I9x^«2 02tOV N 3P51©|£»JS««2 0 7 a|C+l. 8 V s 

i2 0 4l:+2V»ttl^il'\ 51-, iKD^*yW23 1a 

fcJ:9, »2©p«*y*iB#2 3lbK:iait**tfc1«ROI«fflUSrfT*5iit* 

fcfta:Jf«2 0 7 a, 2 0 7 b^-hffiffi2 0 4SJtcatUTV>5»^ 
i2Hti««2 0 7 a, 2 0 7 b MIE2 0 4 ^^w^-y 
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t *V y ^s**«r*5« t -rs*£\ mm mm 207a, 2o?bi^-M 

&#JB«# 2 0 7 a fcjfc 1 <D try HBL1 £ 2 ©fcifcjf 2 0 7 b KB 
2 © tf y h0B L 2 £-£*b-W«Jfc U fBlt^fcia^J-T 5 r iz: J: »K * ^ I> 

t Kw^iSix i tfy h^y fc u-c»f^$*rt> J:v>. ^©m-a-> 

a N 2 3 1b J±y- h&jgU& 20 3ti4 lti^^> ^Mi2 0 4 ©M 
««c^fife*tbTV>5 0 ^ofcft, 2 if'y Mbf^TO-CJfe*. Hi-fis S-p^y 

»^{fc2 3 1a, 2 3 1 bf±y-hfWiB2 0 4 lC £ & #$t£ *L*CT^3 ©"C^X 
P#©W^|cWJ^tt§ 0 ^^-y«^2 31a, 231 btttf*- 

MS2 0 4T?5HiSiVCV*5©TN h|g£HK2 0 3 ^nmk^Xmr?-^* 

So 

U ^tt*#5i^«8t-*5»t5 F W I d t ^ h®J£V g t © 
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0 2 1 frbW «fc 5 ?B*4ftHS (H21 * »c*JV^T3«ft-C^W») 

v- 3 ^ kwi-^vm: y ^ ? <o&i*immK&p ltv ^(Dtcfr, y— h ® 

Jfe&**#<fcoW5. 0H*.fi£* Vg = 2. 5V|c*5V>T't* m^tbfi2*fri^_b 
tftctV^. r©J;5JfcWttr±N EEPROMCt^- (02 2) t^C#<^ 

(I d) t^-hlEVg ir^K^^U **H:##a*-*«U:*5»t« KW 

ynio^cLog (id) ty— >mffvgt©Ba^s:^u-cv>5 0 

£ cd J; 5 feWfeoWStt, y- h S@ 4: &tUS«a0c t ItJczm y h U ^ b 

^««t^^^a^****T^#^c<v^«ll8^^:*o•cv^s 0 ^a*. m2i 

©Sai^fJ^&V^TI^^ y V a ^ Vmi&X'O I d - V g ft|&D## $ 
<fe5JD!CHi:*o-CV>5. fa«*^^*^«8^«>5 ^ *7-fey 

TiJ-^^ i/$/->3 K^^T-w id-Vg < . d»oRfl«E*.htf> 

*!EttO^il0©IC*-KS:, 0lROT2SrfflV^RWi-5, Bill, 
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01^ SOliiMPUlflS, 50 214=^ hS. 5 0 3 (± 

V s — $ t -Tr y ^ 5 0 4 5 0 5 ttftfjjptk 5 0SiiR OM, 5 0 7tt 

RAM, 5 0 8fil&BtU 5 0 9l4U-^7-l'^Tfc5, OCI C 

1 1 7 .JffiV^T, *Nf#2£tRl 1 1 JBIff 0. 8~2 0 nm. 

£ $ U < ftlgUP 3 ~10nm(D->!)3 >WbBU:MSHb^^ * 9 i&fift3U*C 
VD (Chemical Vapor Deposition : fl^^fl^S) Scl- £ t)*S®i"S 0 <W-s 
-fcjaxxy a^iWbflU^ffifc:, if2~15nm, i 5 0* b< r±3 ~ 1 0 nm 

©5/1)3 >-mtm* c v d -sac ct •? mfrrz>o -tiBv' y 3 >-^bi^±:^® 
12,1 1 ssr^fijws. ^ro^-e^y-y-'T Kios^±*&iB»xm 
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3^-t-h^^^^7f^ ^iS3ii, y-M&«i3i2, ^-fm 

JI3 1 3 N %mm-ht^^-^ 1 4. y-^«3 1 7 N 

K W^iM^cS 18, LDD (Lightly Doped Drain : KW ^) ^^3 1 

LDDi«3 1 9^*t5fcin^V\ JlSJWTOUi. im k?*— -/w^ 
-f 3 14^ 0iJ*.fi\ HI 5 mifeft 16 1. 1 6 2 t l^^«it^« 

■nui.tv\, c/y ^^mitmi 41. 1 4 3, */v ^g^imi 4 2© 

j55i5©^^!Ji^l 6 1s 1 6 2 «tIH^&*#it-T?fco7ti LXt), fSttm-?- 
iM Yf7*- AsX<<~ Hi tf-ftfr^V 3 ^teflHl 41, 143tH=y 

fc % Jrfaia«*^^^LDD«ig?r?f^b^V^^fo5 0 LDDM« 
^flP^Stt^^Ps- o^y^HJK, SRAM (^f^^-7>^'7^ 
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I K-<?#/B StVCV^ E E P R OMii, ^Offifero -fe^*S«Jpn^y ^ 

— bSffioffiflKi^fcSfrWS,, -^rOfcfes 2 fcfs> Mft^-sTag-CfeSo Ki- 
te, #^^y«ffi{*:riy— h«fifcJ: <9^St^tbXVNo^-C'»^xfl#<D^^ 

£0 . B 1 nfin#|©^l tTy B 2ml4mSiOl2 tTy b^U Mmn 

ttm^i<^!7- Kifft (m#i©l2 fcTy MHO £ n#BOjRl tfy MfcmgJ&£ 

^jJWWOn^ bftMJW-SwfcjP-CtS. i^^yt;U7WSrI 
ROM5 0 6^±|aiBlt*^T^b-C^«tV\ i©±5fct^tf v M 
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^^ROMt Jiiaiattt^-ea ftx.tt)f-V ymm^m^ is t a, urn 
2 &i>*sfi 3 o«g^Rn t r±f y =" ^mitmxh s »a-a*4#K:# * uv \, r <r> «t 5 

I C*— K©ttfPi*fiE*lRl±U {f^^l^-h^-^Swt^pjtgi;^^,, 

/HR«sXtt * * /HP*£ ^1T5 J? § ( T l ) 3* N h W^J? $ 
(T2) J;«3t>»<. 0. 8nm^±T-fc5ri:^U\ ifiDip^fattS* 

* co i c# — km v n s sattBfc^rau mfccDjfm 7 oiatft*^ 

;Hl^cX«U'3./i^Ii^<b$rPSTS^mc>ff^ (Tl) ^— Mft»il«>ff* 
(T2) £<9t>ff<s 2 0nmgTT*fc5^i:»U\ J: 5 fclBtt*^ 

T'tS^f., i^m^bb-C^+^^IBlS^^^Sr^^T-tSo bfc^o 
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k s p< =e v mmfa i6i, 162 teasi*s«ffi&«*H-5«i* y = 

14 2) tt s &fUN$l 12, 113 i: tJi^Ji*'-^? y^t-SOf^S 
fc^oT, J: 5 ftfa««^4r*3SWo IC*- Kt^v^tf % I C 

1 1 ) 

#0S£<Cfl£1!8l 1<^I C#— KSr, 0 3Srffiv^lttM-r5. 
0 3CDJ C%-V2<Dffif&l>K IC^ — KlOlMt^^^®^ 
0 l *.**y«55 0 3iUoo^fyyil^^ 

^M<DJ^m 1 -C§e&©ii 9 > t 2 "' — ^ ^ * y fiJ 5 0 3 Irf^t 5fSit5SliP{±. M 
PU&I5 5 1 OOttSlsllSAt (S5»*P5 0 4&tWW#Pffi5 o 5) ^MfS^fi: 

MPU»5 lOtj-^^^5 0 3£rtJKU loOfy^^^ 
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50 3^±iaiEit*^^v^tf N mz-ttE ep roms: m^tzm&izit-^xm 
**3s »co?f^ i <o&& t mmfc, r om 5 o 6 &±mtfsM : FT°mf8. lt 

ti«fcV\, *Oi5lut^tfvMPUaJ5 1 0 Mt5fc6©^D ^7 AM 

£*vTV^ROM5 0 6Sr^WUd»fe»t**-5'ifc^"BTi64:*!3s I C*—K© 

C MO S JKfife^ p ir * £ {5 4: Ax ¥&t> h * V >OT«, I^SIh]!E^ t 
2) 

#$kM<Dftm nolo*- eu&fflv-csfcw-rs. 

-C&So -t<Ofci£u 0 5«3^^ hgflT-tt&< RF^y^- 

511 tsatt savors. RF^y^ ^-^gps i 1 «, 35^, t^-t-t-sg 

5 1 2mstt$tt-cv>5„ rv^-7-^5 1 mm^tcommRv^mmmm 

3b\ RF-l' >^ — 7x' — ^IfP 5 1 lXt;7yftfP5 1 2(i, MPUg|5 5 1 0 £ 

*HJ6o^i®o i of}— K3 r4^S5«aiT? *> 5 a> b > =» * 9 * to&m. c tzMm 

Kflt*-?^ ±|2^«ai^S8X*#U<i&'<fc«t5^> »EEPROM Oft 

nvotiuE) ^tb^-risv^magtiJE (*&9V) -cftfe-rso-t?. rf-t^ 
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ft * O ® 1 

1. (Mil, Mmn) trfttZT*— * ' P (5 0 

3) Srfllitfc I C#- KT'&ot, 
±fBffi«*^- (Ml 1, -, Mmn) 14, 

(111) . ^*3BKrt^88»tbtbfc»'*^*K (2 0 2) 3U4 
(18 8) ^fcEBStLfe^Nlft* (18 7) 

±m¥-m&&m an) ±: ¥sw*s&fcF*3 wstf p ^ji-mm (20 
2) ±y.i±mm& (188) ±\z.wm*frit¥&utm (1 s 7) ±^^§^fc 

hif&W (1 1 4, 2 0 3) 
±13-^- MfeW (1 1 4. 2 0 3) .B^^^ttfc^-©^- h«® (1 1 
7, 204) 

_hf5^.— (Dff~ bWM (1 1 7, 2 04) flHi£Opial^fifec5ttfc 2 OCD^ * 
9ifi*(16 1, 1 6 2, 1 6 2 a, 23 1a, 23 1b) 

±fam— <K>?— M@ (1 1 7, 2 0 4) TfcEK*Hfc^-Y-*MH«i:, 

±f5^^^«^M#J^iHKotl,fcfe^TO^ (112, 113, 207a, 

2 0 7 b) fc&flfjSU 

-LfB^yftMlffc (161, 162, 162a, 231a, 231b) \Z&m 

£titLWM<D&m£i'< ft&m^* 4 •? N ±ib^- bmm (117, 20 

4) ^mJESr^PbfcP^_hia-^t£i5:il« (112, 113, 207a, 

207b) frbtt&i<Dmkmm& a 1 2, 113, 207a, 207b) ^ 

2 . IS*^ 1 fclEJft© I C#— Kt~*^T, 

sistssias (504) &mz.tzz.b ttsi c^K. 

W« (5 0 9) fc©afl£Mk (5 0 2, 5 1 2) <b . 

e> j&tt * ^fctiss ic^i- 5 »m^a (511) t *m z.tt z 
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b*$mk1-Z> I C#-K„ 

4. m^2\ZtSM(0 I C;i7- Kfc*3VvCx 
±127*-* ^y£R (5 0 3) £_h!2M^gfl (5 0 4) 

5 I^M^HTV^oi i: ^r#^i"f"-5 I C#— K„ 

5 . \cmffi(D ic*- k^&v^t. 

±iBf^a?t^ (5 0 4) ±mmmni® (so 4) (DWJi¥*mm-z>zf 

p^7^£f2lt^5faiS3M§: (5 0 6) Srilx., 
10 -hfBISlt^ (5 0 6) tt^^^»#mx^TfgT-fe <9 . 

-bfSfSlt^ (5 0 6) (i. ±IB^-^^*y^cDiaig*^ (Ml 1, M 

mn) tmcmi&^T%mm.mT*mtt^ t&w&t-tz i c^-k d 

6 . If 1 (CffiifeCD I C^7 — Kfc^WC, 
15 _LfEfEl»Sf^- (Mil, Mmn) 1 o^O# 2 tTjy h OfflRft&IBttt 

JtJB^ytt&ffij* (161, 162, 162a, 231a, 231b) li, ^ 
20 l©m ^2^fe«*5J:t>'^3 CD^r#^=lrWU 

-LIE* * y fiftgg^ (161, 162, 162a, 231a, 23 1b) li s t 

ffi*w»tz>mm&&-irZ)±. ! gM i <om»fr * tt&m ( 1 4 2 , 1 4 2 a , 1 
42b) a* % jhiajg 2 <Dmm& t ±mn 3 t \m^fcmm^m u 

25 ±IBSR 2 SXJ^ 3 (Ot&frm-if V 3 ^BMb»T?fc 5 r t £#t§fc tt5ic*- 

Ko 

8 . ffsfclH 7 J~fE*fc<7} I C*- F^M^T, 
±IS^^^W«-h}CfeltS±ffim2^l6»^ i b^5>Jll (14 1) Off* 
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(t i) #\ ±sb^- hmmsm du, 203) (t 2) £ y> &m< , 

±fB^^^/HS«c±^*3^S±IBB2 0|6i^^b^SI^ (14 1) 
(Tl) ^ ±fa-y-h?aW (1 1 4, 2 0 3) XT 2) 

2 0 n mUrre&S - £ & ffi^tS I C # — Ko 

jLK«W&**^*aMfc*#i-*IS i dMWM^*5i (14 2, 1 42a, 

142b) *>k ±.m?-nmm (114, 203) co^s^b&to^®^ 
i-3$p# (i8i) ^^^t^mwit-rh 1 c#— k. 

1 1 . 1 0 tta«o im- Kfc&wr. 

iiamwsrSwrstti^SrWi-*® 1 <*>»«Hfcfl*e>fe*« (142, 1 4 2 a , 

14 2b) -Jriay- M»(H 7, 2 04) ©flflffitteMfTfcig^fcW^ 
(18 2) ^&ii«r««i:t5IC*-K. 

1 2 . 1**^ 1 IC|3«4(D IC*- K&fci^-C, 
i1B^*y»iB* (1 6 1, 1 6 2, 1 6 2 a, 231a, 2 3 1b) « 
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IC CARD 



BACKGROUND OF THE INVENTION 

The present invention relates to an IC card. 
More specifically, the present invention relates to an IC 
card including storage devices each composed of a field- 
effect transistor having a function to convert changes of 
an electric charge amount or polarization to a current 
amount . 

The structure of a prior art IC card is shown in 
Fig. 24. In the IC card 9, there are incorporated an MPU 
(Micro Processing Unit) portion 901, a connection portion 
902, and a data memory portion 903. In the MPU portion 
901, there are provided an operation portion 904, a control 
portion 905, a ROM (Read Only Memory) 906, and a RAM 
(Random Access Memory) 907, each of Which is formed upon 
one chip. The above-stated portions are connected to each 
other via a line 908 ■ (including a data bus and a power 
supply line) . The connection portion 902 and an external 
reader/writer 909 are connected when the IC card 9 is 
attached to the reader/writer 909, by which power is 
supplied to the card and data exchange is performed. 

The data memory portion 903 is composed of a 
rewritable memory device, typically composed of EEPROM 
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(Electrically Erasable Programmable ROM) . The ROM 906 is 
typically composed of a mask ROM to mainly store a program 
for driving MPU. 

The IC card is usable in extremely large variety 
5 of applications such as cash cards, credit cards, ID cards, 
and prepaid cards. However, for more widespread use of the 
IC card, one of the key points is to achieve further cost 
reduction. Cost reduction of a memory portion among 
components constituting the IC card is an important target 
10 to achieve. 

SUMMARY OF THE INVENTION 

In view of the above target, it is an object of 
the present invention to provide a low-cost IC card by 
15 incorporating a memory using storage devices capable of 
achieving further miniaturization. 

In order to accomplish the above object, there is 
provided, according to the present invention, an IC card 
comprising: 

20 a data memory portion having a plurality of 

storage devices, said data storage devices each comprising: 
a semiconductor substrate, a well region provided 
in a semiconductor substrate, or a semiconductor film 
disposed on an insulator; 
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a gate insulating film formed on the 
semiconductor substrate, the well region provided in the 
semiconductor substrate, or the semiconductor film disposed 
on the insulator; 
5 a single gate electrode formed on the gate 

insulating film; 

two memory function parts formed on opposite 
sides of the single gate electrode; 

a channel region disposed under the single gate 
10 electrode; and 

diffusion layer regions disposed on both sides of 
the channel region, wherein 

the storage devices are each structured so as to 
change a current amount flowing from one of the diffusion 
15 layer regions to the other of the diffusion layer regions 
when voltage is applied to the gate electrode, by an amount 
of electric charges stored in the memory function parts or 
by polarization vector. 

According to the above-constituted IC card, the 
20 storage devices incorporated in the data memory portion are 
each structured such that memory function parts are formed 
on both sides of the gate electrode, independently of the 
gate insulating film. Consequently, since each of the 
memory function parts is separated by the gate electrode, 
25 interference in a rewrite operation can be effectively 
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restrained. Also, since a memory function implemented by 
the memory function parts and a transistor operation 
function implemented by the gate insulating film are 
independent from each other, it becomes possible to make 
5 the gate insulating film thinner to thereby control the 
short channel effect- This facilitates miniaturization of 
the storage devices. 

The above storage devices are easy to miniaturize 
and therefore it becomes possible to reduce an area of the 

10 data memory portion incorporating the plurality of storage 
devices. This leads to cost reduction of the data memory 
portion, thereby enabling cost reduction of the 1C card' 
including the data memory portion. 

In one embodiment, the IC card has a logic 

15 portion. This makes it possible to impart not only a 
storage function but also a variety of functions to the IC 
card. 

In one embodiment, the IC card includes a 
communication means for communicating with external 

20 apparatuses and a collecting means for converting 
electromagnetic waves applied from the outside to electric 
power, which eliminates the necessity of providing a 
terminal for establishing electric connection to external 
apparatuses. Eventually, it becomes possible to prevent 

25 electrostatic destruction through the terminal. Further, 
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since close contact to the external apparatuses is not 
necessarily necessary, freedom of application 

configurations becomes large. In addition, the storage 
devices constituting the data memory portion operate at 
5 relatively low supply voltage, which enables downsizing of 
a circuit of the above collecting means and enables cost 
reduction. 

In one embodiment, the data memory portion and 
the logic portion are formed in one chip. 

10 In the constitution of the above embodiment, a 

decreased number of chips incorporated in the IC card 
reduces costs. Further, since the process for forming the 
storage devices that constitute the data memory portion is 
quite close to the process for forming devices that 

15 constitute the logic portion, placement of the devices of 
both types in a mixed or combined manner is particularly 
easy. Therefore, forming the logic portion and the data 
memory portion in one chip enables implementation of 
particularly large cost reducing effect. 

20 In one embodiment, the logic portion includes a 

storage means for storing a program that defines operation 
of the logic portion, the storage means is rewritable from 
outside, and the storage means includes storage devices 
having a constitution identical to- a constitution of the 

25 storage devices of the data memory portion. 
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According to the above embodiment, since the 
storage means is rewritable from the outside, rewriting the 
above program according to need will achieve remarkable 
increase of the functions of the IC card. Since the 
5 storage devices are easy to miniaturize, increase of a chip 
area can be minimized even if, for example, a mask ROM is 
replaced by the storage device. Further, since the process 
of forming the storage device is quite close to the process 
for forming the device that constitutes the logic portion, 

10 mixed placement of the both devices is easy so that cost 
increase can be minimized. 

In one embodiment, two-bit information is stored 
in each of the storage devices . 

According to the above embodiment, every storage 

15 device is capable of storing two-bit information and a 
capability thereof is fully implemented. Therefore, 
compared with the case of storing one-bit information in 
every device, a device area per bit is reduced by half, so 
that an area of the data memory portion or the storage 

2 0 device can be further decreased. This leads to further 
cost reduction of the IC card. 

In one embodiment, the memory function parts each 
have a first insulator, a second insulator, and a third 
insulator. The memory function parts each have a structure 

25 in which a film composed of the first insulator having a 
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function of storing electric charges is interposed between 
the second insulator and the third insulator. The first 
insulator is silicon nitride, and the second and third 
insulators are silicon oxide. 
5 The above arrangement makes it possible to 

increase the operating speed and reliability of the IC 
card. 

In one embodiment, a thickness of a film composed 
of the second insulator on the channel region is smaller 

10 than a thickness of the gate insulating film and is 0.8 nm 
or more. Therefore, it is possible to either decrease the 
power supply voltage for the IC card, or increase the 
operating speed of the IC card. 

In one embodiment, a thickness of a film composed 

15 of the second insulator on the channel region is larger 
than a thickness of the gate insulating film, and is 20 nm 
or less. This arrangement makes it possible to either 
increase the storage capacity of the data memory portion to 
thereby enhance the functions of the IC card, or reduce the 

20 production costs. 

In one embodiment, the film composed of the first 
insulator having a function of storing electric charges 
includes a portion having a surface that is approximately 
parallel to a surface of the gate insulating film. This 

25 improves the reliability of the IC card. 
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In one embodiment, the,, film composed of the first 
insulator having a function of storing electric charges 
includes a portion extending in a direction approximately 
parallel to a lateral side of the gate electrode. This 
arrangement can increase the operating speed of the IC 
card. 

In one embodiment, at least part of each memory 
function part is formed so as to overlap the corresponding 
diffusion layer region. This arrangement can increase the 
operating speed of the IC card. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a structure of an IC card according 
to Embodiment 10 of the present invention; 
15 Fig. 2 is a circuit diagram showing an 

arrangement of storage devices constituting a part of the 
IC card of Embodiment 10; 

Fig. 3 shows a structure of an IC card according 
to Embodiment 11 of the present invention; 
2 0 Fig. 4 shows a structure of an IC card according 

to Embodiment 12 of the present invention; 

Fig. 5 is a schematic cross sectional view 
showing a main part of a storage device in Embodiment 1 of 
the present invention; 



5 



10 
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Fig. 6 is an enlarged^ schematic cross sectional 
view showing an essential part of Fig. 5; 

Fig. 7 is an enlarged schematic cross sectional 
view of a variant of the part of Fig. 5; 
5 Fig. 8 is . a graph showing electrical 

characteristics of the storage device in Embodiment 1 of 
the present invention; 

Fig. 9 is a schematic cross sectional view of an 
essential part of a modification of the storage device in 
10 Embodiment of the present invention; 

Fig. 10 is a schematic cross sectional view 
showing an essential part of a storage device in Embodiment 

2 of the present invention; 

Fig. 11 is a schematic cross sectional view 
15 showing an essential part of a storage device in Embodiment 

3 of the present invention; 

Fig. 12 is a schematic cross sectional view 
showing an essential part of a storage device in Embodiment 

4 of the present invention; 

20 Fig. 13 is a schematic cross sectional view 

showing an essential part of a storage device in Embodiment 

5 of the present invention; 

Fig. 14 is a schematic cross sectional view 
showing an essential part of a storage device in Embodiment 
25 6 of the present invention; 
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Fig. 15 is a schematic cross sectional view 
showing an essential part of a storage device in Embodiment 
7 of the present invention; 

Fig. 16 is an illustration for describing a 
5 program operation on a storage device in the present 
invention; 

Fig. 17 is an illustration for describing a 
program operation on a storage device in the present 
invention; 

10 Fig. 18 is an illustration for describing a first 

erase operation on a storage device in the present 
invention ; 

Fig. 19 is an illustration for describing a 
second erase operation on a storage device • in the present 
15 invention; 

Fig. 20 is an illustration for describing a read 
operation on a storage device in the present invention; 

Fig. 21 is a graph showing electrical 
characteristics of a storage device according to the 
20 present invention; 

Fig. 22 is a graph showing electrical 
characteristics of a conventional EE PROM; 

Fig. 23 a schematic cross sectional view of a 
transistor constituting a standard logic; and 
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Fig. 24 shows a structure of a conventional IC 

card. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 First, storage devices used in an IC card 

according to the present invention will be outlined below. 

Each of storage devices in the present invention 
is mainly composed of a gate insulating film, a gate 
electrode formed on the gate insulating film, memory 

10 function parts formed on both sides of the gate electrode, 
source/drain . regions (diffusion layer regions) disposed 
separately on the side opposite from the gate electrode of 
the memory function parts, and a channel region disposed 
under the gate electrode. 

15 The storage device functions as a memory device 

storing four-valued or more information by storing binary 
or more information in one memory function part. However, 
the storage device functions not necessarily to store four- 
valued or more information, but it may also function to 

20 store, for example, binary information. 

It is preferable that the storage device of the 
present invention is formed on a semiconductor substrate, 
preferably in a first conductivity type well region formed * 
in the semiconductor substrate. 
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The semiconductor substrate is not limited to 
particular ones as far as it is applicable to semiconductor 
apparatuses, and it is possible to use various substrates 
such as substrates made from elemental semiconductors 
including silicon and germanium, substrates made from 
compound semiconductors including GaAs, InGaAs and ZnSe, 
SOI substrates and multilayer SOI substrates, and 
substrates having a semiconductor layer on a glass or 
plastic substrate. Among these, a silicon substrate or an 
SOI substrate having a silicon layer formed as a surface 
semiconductor layer is preferable. The semiconductor 
substrate or the semiconductor layer may be either of a 
single crystal (e.g., single crystal obtained by epitaxial 
growth), polycrystalline, or amorphous, though a current 
amount flowing inside will be slightly different among 
them. 

In the semiconductor substrate . or the 
semiconductor layer, it is preferable that device isolation 
regions are formed, and it is more preferable to combine 
elements such as transistors, capacitors and resistors, a 
circuit composed thereof, a semiconductor device, and an 
inter-layer insulating film or films to form into a single 
or a multilayer structure. It is noted that the device 
isolation region may be formed by any of various device 
isolation films including a LOCOS (local oxidation of 
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silicon) film, a trench oxide film, and an STI film. The 
semiconductor substrate may be either of a P type or an N 
type conductivity type, and it is preferable that at least 
one first conductivity type (P type or N type) well region 
5 is formed in the semiconductor substrate. Acceptable 
impurity concentrations of the semiconductor substrate and 
the well region are those within the known range in the 
art. It is noted that in the case of using an SOI 
substrate as the semiconductor substrate, a well region may 

10 be formed in the surface semiconductor layer, and also a 
body region may be provided under the channel region. 

Examples of the gate insulating film are not 
particularly limited and include those for use in typical 
semiconductor apparatuses, such as insulating films 

15 including silicon oxide films and silicon nitride films; 
and high-dielectric films including aluminum oxide films, 
titanium oxide films, tantalum oxide films, hafnium oxide 
films, in the form of single-layer films or multi-layer 
films. Among these, the silicon oxide film is preferable. 

20 An appropriate thickness of the gate insulating film is, 
for example, approx. 1 to 20 nm, preferably 1 to 6 run. The 
gate insulating film may be only formed right under the 
gate electrode, or may be formed to be larger (in width) 
than the gate electrode. 
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Tha gate electrode is formed on the gate 
insulating film in the form typically used in semiconductor 
apparatuses. Unless particularly specified in the 

embodiments, examples of the gate electrode are not 
5 particularly limited and therefore include conductive films 
such as polysilicon; metals including copper and aluminum; 
high-melting metals including tungsten, titanium, and 
tantalum; and silicides of high-melting metals, in the form 
of a single-layer or a multi-layer. An appropriate film 

10 thickness of the gate electrode is approx. 50 to 400 nm. 

The channel region, which is below the gate electrode, is 
preferably formed not only under the gate electrode but 
also under, regions including the outside of the gate edge 
in longitudinal direction of the gate. Thus, in the case 

15 where there is present a channel region which is not 
covered with the gate electrode, the channel region is 
preferably covered with the gate insulating film or memory 
function parts, which will be described later. 

The memory function part at least has a film or a 

20 region having a function of holding electric charges, or 
storing and holding electric charges, or a function of 
trapping electric charges. Materials implementing these 
functions include: silicon nitride; silicon; silicate glass 
including impurities such as phosphorus or boron; silicon 

25 carbide; alumina; high-dielectric substances such as 



hafnium oxide, zirconium oxide, or tantalum oxide; zinc 
oxide; and metals. The memory function part may be formed 
into single-layer or multi-layer structure of: for example, 
an insulating film containing a silicon oxide film; an 
insulating film incorporating a conductive film or a 
semiconductor layer inside; and an insulating film 
containing one or more semiconductor dots or semiconductor 
dots. Among- these, the silicon oxide is preferable because 
it can achieve a large hysteresis property by the presence 
of a number of levels for trapping electric charges, and 
has good holding characteristics in that the electric- 
charge holding time is long and that there hardly occurs 
leakage of electric charges caused by generation of leakage 
paths, and further because it is a material normally used 
in LSI process. 

Use of an insulating film containing inside an 
insulating film having a charge holding function such as a 
silicon nitride film enables increase of reliability 
relating to memory holding. Since the silicon nitride film 
is an insulator, electric charges of the entire silicon 
nitride film will not be immediately lost even if part of 
the electric charges is leaked. Further, in the case of 
arraying a plurality of storage devices, even if the 
distance between the storage devices is shortened and 
adjacent memory function parts come into contact with each 
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other, information stored in each memory function part is 
not lost unlike the case : where the memory function part is 
made from a conductor. Also, it becomes possible to 
dispose a contact plug closer to the memory function part, 
5 or in some cases it becomes possible to dispose the contact 
plug so as to overlap with the memory function part, which 
facilitates miniaturization of the storage devices. 

For further increase of the reliability relating 
to the memory holding, the insulator having a function of 

10 holding electric charges is not necessarily needed to be in 
the film shape, and insulators having the function of 
holding an electric charge are preferably present in an 
insulating film in a discrete manner. More specifically, 
it is preferable that an insulator is dispersed like dots 

15 over a material having difficulty in holding electric 
charges, such as silicon oxide. 

Also, use of an insulator film containing inside 
a conductive film or a semiconductor layer as a memory 
function part enables free control of quantity of electric 

20 charges injected into the conductor or the semiconductor, 
thereby bringing about an effect of facilitating achieving 
multi level cell. 

Further, using an insulator film containing one 
or more conductor or semiconductor dots as a memory 

25 function part facilitates execution of write and erase due 
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to direct tunneling of electric fc charges, thereby bringing 
about an effect of reduced power consumption. 

More specifically, it is preferable that the 
memory function part further contains a region that 
obstructs escape of electric charges or a film having a 
function of obstructing escape of electric charges. Those 
fulfilling the function of obstructing escape of electric 
charges include a silicon oxide. 

The memory function part is formed on the both 
sides of the gate electrode directly or through an 
insulating film, and it is disposed on a semiconductor 
substrate (a well region, a body region, or a source/drain 
region or a diffusion region) directly or through the gate 
insulating film or . the insulating film. Charge holding 
films on the both sides of the gate electrode may be formed 
so as to cover the entirety or a part of side surfaces of 
the gate electrode directly or through the insulating film. 
In the case of using a. conductive film as the charge 
holding film, the charge holding film is preferably 
disposed with interposition of an insulating film so that 
the charge holding film is not brought into direct contact 
with a semiconductor substrate (a well region, a body 
region, or a source/drain region or a diffusion layer 
region) or the gate electrode. This is implemented by, for 
example, a multi-layer structure composed of a conductive 
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film and an insulating film, a structure of dispersing a 
conductive film like dots in an insulating film, and a 
structure of disposing a conductive film within part of a 
side-wall insulating film formed on the side, wall of - the 
5 gate. 

The memory function part preferably has a 
sandwich structure in which a film made of a first 
insulator for storing electric charges is interposed in 
between a film made of a second insulator and a film made 

10 of a third insulator. Since the first insulator for 
storing electric charges is in the film shape, it becomes 
possible to increase electric charge concentration in the 
first insulator in a short period of time by injection of 
electric charges and also to uniform the electric charge 

15 distribution. In the case where the electric charge 
distribution in the first insulator for storing electric 
charges is not uniform, there is a possibility that 
electric charges move inside the first insulator during 
being held and so the reliability of the memory devices is 

20 deteriorated. Also, the first insulator for storing 
electric charges is separated from conductor portions (a 
gate electrode, a diffusion layer region, and a 
semiconductor substrate) with another insulating film, 
which may restrain leakage of electric charges and makes it 

25 possible to obtain sufficient holding time. Therefore, the 
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above sandwich structure enables high-speed rewrite 
operations, increased reliability, and obtainment of 
sufficient holding time of the storage device. The memory 
function part that fulfils the above conditions is more 
5 preferably structured such that the first insulator is a 
silicon nitride film, and the second and the third 
insulators are silicon oxide films. The silicon nitride 
film may achieve large hysteresis property by the presence 
of a number of levels for trapping electric charges. Also, 

10 the silicon oxide film and the silicon nitride film are 
preferable because . they ■ are materials used in LSI process 
quite typically. Further, as the first insulator, in 
addition to silicon nitride, there may be used such 
materials as hafnium oxide, tantalum oxide, and yttrium 

15 oxide. As the second and third insulators, in addition to 
the silicon oxide, such .material as aluminum oxide may be 
used. It is noted that the second and third insulators may 
be of different materials or may be of the same material. 

The memory function part is formed on both sides 

20 of the gate electrode, and disposed on the semiconductor 
substrate (a well region, a body region, or a source/drain 
region or a diffusion layer region) . 

The charge holding film contained in the memory 
function part is formed on both sides of the gate electrode 

25 directly or through an insulating film, and it is disposed 
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on the semiconductor substrate^ (a well region, a body 
region, or a source/drain region or a diffusion layer 
region) directly or through the gate insulating film or the 
insulating film. The charge holding films on both sides of 
5 the gate electrode are preferably formed so as to cover all 
or part of side walls of the gate electrode directly or 
thought the insulating film. In an application where the 
gate electrode has a recess portion on the lower edge side, 
the charge holding film may be formed so as to fill the 

10 entire recess portion or part of the recess portion 
directly or through the insulating film. 

Preferably, the gate electrode is formed only on 
the side wall of the memory function part or formed such 
that the upper portion of the memory function part is not 

15 covered. In such disposition, it becomes possible to 
dispose a contact plug closer to the gate electrode, which 
facilitates miniaturization of the storage devices, or 
memory devices. Also, the memory devices having such 
simple disposition are easily manufactured, resulting in an 

20 increased yield. 

The source/drain regions are disposed on the side 
of the memory function parts opposed from the gate 
electrode as diffusion regions having a conductivity type 
opposite to that of the semiconductor substrate or of the 

25 well region. In the portion where the source/drain region 
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is joined to the semiconductor substrate or the well 
region, impurity concentration is preferably sharp. This 
is because the sharp impurity concentration efficiently 
generate hot electrons and hot holes with low voltages, 
5. which enables high-speed operations with lower voltages. 
The junction depth of the source/drain region is not 
particularly limited and so it is adjustable where 
necessary, according to performance and the like of a 
memory device to be manufactured. It is noted that if an 

10 SOI substrate is used as the semiconductor substrate, the 
junction depth of the source/drain region may be smaller 
than the film thickness of a surface semiconductor" layer, 
though preferably the junction depth is almost equal to the 
film thickness of the surface semiconductor layer. 

15 The source/drain region may be disposed so as to 

be overlapped with the edge of the gate electrode, or may 
be disposed so as to be offset from the edge of the gate 
electrode. Particularly, it is preferable ' that the 
source/drain region .is offset relative to the edge of the 

20 gate electrode. This is because in this case, when voltage 
is applied to the gate electrode, easiness of inversion of 
the offset region under the charge holding film is largely 
changed by an electric charge amount stored in the memory 
function part, resulting in increased memory effect and 

25 reduced short channel effect. It is noted, however, that 
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too much offset extremely reduces drive current between the 
source and the drain. Therefore, it is preferable that an 
offset amount, that is a distance from one edge of the gate 
electrode to the source or drain region closer thereto in 
5 the longitudinal direction of the gate, is shorter than the 
thickness of the charge holding film parallel to the 
longitudinal direction of the gate. What is particularly 
important is that at least part of the electric charge 
storage region in the memory function part overlaps with 

10 the source/drain region as a diffusion layer region. This 
is because the nature of memory devices or cells 
constituting the IC card of the present invention is to 
rewrite memory with an electric field crossing the memory 
function part by voltage difference between the gate 

15 electrode present only on the side wall portion of the 
memory function part and the source/drain region. The 
offset amount should be selected such that both the memory 
effect and the drive current have appropriate values, or 
are compatible with each other. 

20 Part of the source/drain region may be extended 

up to the position higher than the surface of the channel 
region, that is, the lower face of the gate insulating 
film. In this case, it is appropriate that a conductive 
film is laid on a source/drain region formed in the 

25 semiconductor substrate in an integrated manner with the 



-23- 



source/drain region. Examples of the conductive film 
include semiconductors such as polysilicon and amorphous 
silicon, silicide, and the above described metals and high- 
melting metals. Among these, the polysilicon is 
5 preferable. Since the polysilicon is extremely larger in 
impurity diffusion speed than the semiconductor substrate, 
it is easy to shallow the junction depth of the 
source/drain region in the semiconductor substrate, and it 
is easy to control short channel effect. In this case, it 
10 is preferable that the source/drain region is disposed such 
that at least part of the charge holding film is sandwiched 
between part of the source/drain region and the gate 
electrode . 

The memory device of the present invention uses a 
15 single gate electrode formed on the gate insulating • film, a 
source region, a drain region, and a semiconductor 
substrate as four terminals, and executes write, erase and 
read operations by giving specified potential to each of 
these four terminals. An example of the principle of a 
20 specific operation and operation voltages will be described 
later. When the storage devices of- the present invention 
are disposed in an array to constitute a memory cell array, 
a single control gate is capable of control each storage 
device, which makes it possible to decrease the number of 
25 ' word lines. 
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The storage device of t the present invention can 
be formed by a normal semiconductor fabrication process, 
for example, by a method similar to a method for forming a 
multilayer-structured side wall spacer on the side wall of 
a gate electrode. More specifically, there is a method in 
which after the gate electrode is formed, a multilayer 
composed of an insulating film (second insulator), an 
electric charge storage film (first insulator), and an 
insulating film (second insulator) is formed and etched 
back under an appropriate condition to leave the film in 
the form of a side wall spacer. In addition, depending on 
the structure of a desired memory function part, conditions 
and deposits in forming the side wall may be appropriately 
selected. 

Specific examples of the storage devices to be 
used in the IC card of the present invention will be 
described below. 

(Embodiment 1) 

In a storage device in this embodiment as shown 
in Fig. 5, each memory function parts 161, 162 is composed 
of a region for holding electric charges (the region for 
storing electric charges, which may be a film having a 
function of holding electric charges) and a region, for 
obstructing release of electric charges (which may be a 



-25- 



film having a function of obstructing release of electric 
charges) . The memory function part has, for example, ONO 
(Oxide Nitride Oxide) structure- More specifically, the 
memory function parts 161, 162 are each structured in .the 
5 state that a silicon nitride film 142 as a first insulator 
is interposed between a silicon oxide film 141 as a second 
insulator and a silicon oxide film 143 as a third 
insulator. Here, the silicon nitride film 142 implements a 
function of holding electric charges. The silicon oxide 

10 films 141, 143 implement a function of obstructing release 
of the electric charges stored in the silicon nitride film- 
Also, the regions (silicon nitride films 142) for 
holding electric charges in the memory function parts 161, 
162 are overlapped with the diffusion layer regions 112, 

15 113. Herein, the term 'overlap" is used to refer to the 
state that at least part of the region (silicon nitride 
film 142) for holding electric charges is present on at 
least part of the diffusion layer region 112, 113. There 
are also shown a semiconductor substrate 111, a gate 

20 insulating film 114, a gate electrode 117, and offset 
regions 171 (between the gate electrode and the diffusion 
layer regions) . Though not shown in the drawing, the 
uppermost surface area of the semiconductor substrate 111 
under the gate insulating film 114 serves as a channel 

25 region. 
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Description will be, given of an effect of 
overlapping the region 142 for holding electric charges in 
the memory function parts 161, 162 and the diffusion layer 
regions 112, 113. 
5 Fig. 6 is an enlarged view showing the vicinity 

of the memory function part 162 that is on the right side 
of Fig. 5. Reference numeral Wl denotes an offset amount 
between the gate insulating film 114 and the diffusion 
layer region ^113. Also, reference numeral W2 denotes the 

10 width of the memory function part 162 on the cross 
sectional plane in channel length direction of the gate 
electrode. Since an edge of the silicon nitride film 142 
on the side away from the gate electrode 117 in the memory 
function part 162 is aligned with an edge of the memory 

15 function part 162 on the side away from the gate electrode 
117, the width of the memory function part 162 is defined 
as W2 . An overlap amount between the memory function part 
162 and the diffusion layer region 113 is represented by an 
expression of W2-W1. What is particularly important is 

20 that the silicon nitride film 142 in the memory function 
part 162 is overlapped with the diffusion layer region 113, 
that is, the silicon nitride film 142 is configured such 
that the relation of W2>W1 is satisfied. 

In the case where the edge of the silicon nitride 

25 film 142a on the side away from the gate electrode in the 
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memory function part 162a is not aligned with the edge of 
the memory function part 162a on the side away from the 
gate electrode as shown in Fig. 7, ■ W2 may be defined as the 
width from the edge of the gate electrode to the edge of 
5 the silicon nitride film 142a on the side away from the 
gate electrode. 

Fig. 8 shows a drain current Id in the structure 
of Fig. 6 with the width W2 of the memory function part 162 
being fixed to 100 nm and the offset amount Wl being 

10 varied. Herein, the drain current is obtained by device 
simulation performed under the conditions that the memory 
function part 162 is in erased state (holes are stored), 
and that the diffusion layer regions 112, 113 are set to be 
a source electrode and a drain electrode, respectively. 

15 As shown in Fig. 8, with Wl being 100 nm or more 

(i.e., when the silicon nitride film 142 and the diffusion 
layer region 113 are not overlapped) , the drain current 
shows rapid reduction. Since a drain current value is 
almost in proportion to a read operation speed, memory 

20 performance is rapidly deteriorated when Wl is 100 nm or 
more. In the range where the silicon nitride film 142 and 
the diffusion layer region 113 are overlapped, the drain 
current shows mild reduction. Therefore, it is preferable 
that at least part of the silicon nitride film 142 that is 
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a film having a function of holing electric charges is 
overlapped with the source/drain region. 

Based on the above-described result of the device 
simulation, memory cell arrays are manufactured with W2 
being fixed to 100 nm, and Wl being set to 60 nm and 100 nm 
as design values • When Wl is 60 nm, the silicon nitride 
film 142 is overlapped with the diffusion layer regions 
112, 113 by 40 nm as a design value, and when Wl is 100 nm, 
there is no overlap as a design value. As a result of 
measuring read times of these memory cell arrays and 
comparing them in worst cases considering dispersion, it 
was found out that the case where Wl was 60 nm as a design 
value was .100 times faster in readout access time. From a 
practical standpoint, it is preferable that the read access 
15 time is 100 nanoseconds or less per bit. It was found out, 
however, that this condition was never satisfied in the 
case of W1=W2. It was also found out that W2-W1>10 nm was 
more preferable in. consideration of manufacturing 
dispersion. 

20 For reading information stored in the memory 

function part 161, it is preferable to set the diffusion 
layer region 112 as a source electrode and the diffusion 
layer region 113 as a drain region, as in the device 
simulation, and to form a pinchoff point on the side closer 

25 to the drain region of the channel region. More 
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specif ically, in reading information stored in one of two 
memory function parts, the pinchoff point is preferably 
formed in a region closer to the other memory function part 
of the channel region* This makes it possible to detect 
5 stored information in one memory function part 161, for 
example, with good sensitivity regardless of the storage 
condition of the other memory function part 162, resulting 
in large contribution to. implementation of two-bit 
operation. 

10 In the case of storing information only in one of 

the two memory function parts 161, 162, or in the case of 
using these two memory function parts 161, 162 in the same 
storing condition, an pinchoff point is not necessarily 
formed in read operations. 

15 Although not shown in Fig. 5, a well region (P 

type well in the case of N-channel device) is preferably 
formed at the surface of the semiconductor substrate 111. 
Forming the well region facilitates control of electrical 
characteristics (withstand voltage, junction capacitance, 

20 and short channel effect) while maintaining impurity 
concentration of- the channel region optimum for memory 
operations (rewrite operation and read operation) . 

From the viewpoint of improving memory holding 
characteristic, the memory function part preferably 

25 incorporates a charge holding film having a function of 
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holing electric charges, and pin insulating film. This 
embodiment uses the silicon nitride film 142 as a charge 
holding film having levels for trapping electric charges, 
and the silicon oxide films 141, 143 as insulating films 
5 having a function of preventing the electric charges stored 
in the charge holding film from dispersing. The memory 
function part having the charge holding film and the 
insulating film makes it possible to prevent electric 
charges from dispersing and to improve holding 

10 characteristic. Further, compared with a memory function 
part composed of only a charge holding film, it becomes, 
possible to appropriately decrease the volume of the charge 
holding film. Appropriate decrease of the volume of the 
charge holding film makes it possible to restrain movement 

15 of electric charges in the charge holding film and to 
control occurrence of characteristic change due to movement 
of electric charges during memory holding. 

Also, it is preferable that the memory function 
part contains a charge holding film disposed approximately 

20 parallel to the surface of the gate insulating film. In 
other words, it is preferable that the surface of the 
charge holding film in the memory function part is disposed 
so as to be at a constant distance from the surface of the 
gate insulating film. More particularly, as shown in Fig. 

25 9, a charge holding film 142b in the memory function part 



-31- 



162 has a face approximately parallel to the surface of the 
gate insulating film 114. In other words, the charge 
holding film 142b is preferably formed to have a uniform 
height from the height corresponding to the surface of the 
5 gate insulating film 114. The presence of the charge 
holding film 142b approximately parallel to the surface of 
the gate insulating film 114 in the memory function part 
162 makes it possible to effectively control formation of 
an inversion layer in the offset region 171 with use of an 

10 amount of electric charges stored in the charge holding 
film 142b, thereby enabling increase of memory effect - 
Also, by placing the charge holding film 142b approximately 
parallel to the surface of the gate insulating film 114, 
change of memory effect is kept relatively small even with 

15 a dispersed offset amount (Wl) , . enabling restraint of 
memory effect dispersion. In addition, movement of 
electric charges toward upper side of the charge holding 
film 142b is controlled, and therefore . characteristic 
change due to the movement of electric charges during 

20 memory holding can be restrained. 

Furthermore, the memory function part 162 
preferably contains an insulating film (e.g., a portion of 
the silicon oxide film 144 on the offset region 171) that 
separates the charge holding film 142b approximately 

25 parallel to the surface of the gate insulating film 114 
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from the channel region (or , the well region). This 
insulating film restrains dissipation of the electric 
charges stored in the charge holding, film, thereby 
contributing to obtaining a storage device with better 
holding characteristics. 

It is noted that controlling the film thickness 
of the charge holding film 142b as well as controlling the 
film thickness of the insulating film under the charge 
holding film 142b (a portion of the silicon oxide film 144 
on the offset region 171) to be constant make it possible 
to keep the distance from the surface of the semiconductor 
substrate to the electric charges stored in the charge 
holding film approximately constant. More particularly, 
the distance from the surface of the semiconductor 
substrate to the electric charges stored in the charge 
holding film 142b can be controlled to be within the range 
of from a minimum film thickness value of the insulating 
film under the charge holding film 142b to the sum of a 
maximum film thickness of the insulating film under the 
charge holding film 142b and a maximum film thickness of 
the charge holding film 142b. Consequently, the 

concentration of electric lines of force generated by the 
electric charges stored in the charge holding film 142b 
becomes roughly controllable, and therefore dispersion of 



-33- 



the degree of memory effect of .the memory devices can be 
minimized. 

(Embodiment 2) 

5 In Embodiment 2, a charge holding film 142 in the 

memory function part 162 has an approximately uniform film 
thickness as shown in Fig. 10. Further, the charge holding 
film 142 includes a first portion 181 as an example of a 
portion having a surface approximately parallel to the 

10 surface of the gate insulating film 114 and a second 
portion 182 as an example of a portion extending in a 
direction approximately parallel to a side face of the gate 
electrode 117. 

When a positive voltage is applied to the gate. 

15 electrode 117, an electric line of force in the memory 
function part 162 passes the silicon nitride film 142 
totally twice through the first portion 181 and the second 
portion 182 as shown with arrow line 183. It is noted that 
when a negative voltage is applied to the gate electrode 

20 117, the direction of the electric line of force is 
reversed. Herein, a relative permittivity, or dielectric 
constant of the silicon nitride film 142 is approx. 6, 
while a dielectric constant of- silicon oxide films 141, 143 
is approx. 4. Eventually, an effective dielectric constant 

25 of the memory function part 162 in the direction of 
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electric line of force 183 becomes larger than that in the 
case where . the charge holding film 142 includes only , the 
first' portion 181, which makes it possible to decrease the 
potential difference between both edges of the electric 
line of force. More specifically, a large part of the 
voltage applied to the gate electrode 117 is used to 
reinforce electric fields in the offset region 171. 

Electric charges are injected into the silicon 
nitride film 142 in rewrite operations because generated 
electric charges are pulled by electric fields in the 
offset region 171. As a consequence of the charge holding 
film 142 including the second portion 182, increased 
electric charges are injected into the memory function part 
162 in rewrite operations, thereby increasing a rewrite 
speed. 

In the case where the silicon oxide film 143 is 
replaced with a silicon nitride film, more specifically, in 
the case where the upper surface of the charge holding film 
is not at a constant height relative to the surface of the 
gate insulating film 114, movement of electric charges 
toward upper side of the silicon nitride film becomes 
outstanding, and holding characteristics are deteriorated. 

Instead of silicon oxide film, the memory 
function part is more preferably formed from high- 
dielectric substances such as hafnium oxide having an 
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extremely large dielectric - constant, or relative 
permittivity. 

Further, the memory function part more preferably 
includes an insulating film (a portion of the silicon oxide 
5 film 141 on the offset region 171) that separates the 
charge holding film approximately parallel to the surface 
of the gate insulating film from the channel region (or the 
well region) . This insulating film restrains dissipation 
of the electric charges stored in the charge holding film, 

10 thereby enabling further improvement of holding 
characteristics . 

Also, the memory function part more preferably 
includes an insulating film (a portion in contact with the 
gate electrode 117 of the silicon oxide film. 141) that 

15 separates the gate electrode from the charge holding film 
extending in the direction approximately parallel to the 
side face of the gate electrode. This insulating film 
prevents injection of electric charges from the gate 
electrode into the charge holding film to thereby prevent 

20 change of electrical characteristics, which may increase 
reliability of the storage device. 

Further, similar to Embodiment 1, it is 
preferable, that the film thickness of the insulating film 
under the charge holding film 142 (a portion of the silicon 

25 oxide film 141 on the offset region 171) is controlled to 
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be constant, and further the film thickness of the 
insulating film disposed on the side face of the gate 
electrode (a portion of the silicon oxide film 141 in 
contact with the gate electrode 117) is controlled to be 
5 constant. Consequently, the concentration of electric 
lines of force generated by the electric charges stored in 
the charge holding film 142 becomes roughly controllable, 
and leakage of electric charges can be prevented. 

10 (Embodiment 3) 

This Embodiment 3 relates to optimization of the 
distance between a gate electrode, a memory function part, 
and a source/drain region. 

As shown in Fig. 11, reference symbol A denotes a 

15 gate electrode length in the cross section in the channel 
length direction, reference symbol B denotes a distance 
(channel length) between source and drain regions, and 
reference symbol C denotes a distance from an outer edge of 
one memory function part to an outer edge of the other 

20 memory function part, more specifically a distance from the 
outer edge (on the side away from the gate electrode) of a 
film having a function of holding the electric charges in 
one memory function part to the outer edge (on the side 
away from the gate electrode) of a film having a function 

25 of holding the electric charges in the other memory 



function part in the cross section in the channel length 
direction. 

First, it is preferable that the relationship of 
B<C holds. In the channel region, there is present an 
offset region 171 between a portion under the gate 
electrode 117 and each of the source/drain regions 112, 
113. . Since B<C, the electric charges stored in the memory 
function parts 161, 162 (silicon nitride films 142) 
effectively vary invertibility in the entire part of the 
offset region 171. As a result, memory effect is 
increased, and a high-speed read operation is particularly 
enabled. 

Also, when the gate electrode 117 and the 
source/drain regions 112, 113 are offset relative to each 
other, that is, when an equation A<B is satisfied, 
invertibility of the offset region when a voltage is 
applied to the gate electrode 117 is largely changed by an 
electric charge amount stored in the memory function- parts 
161, 162. Consequently, memory effect increases and short 
channel effect can be reduced. However, as long as the 
memory effect is effective, the offset region is not 
necessarily required. Even when the offset region 171 is 
not present, if the impurity concentration in the 
source/drain regions 112, 113 is sufficiently small, the 
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memory effect can still be effective in the memory function 
parts 161, 162 (silicon nitride film 142) . 

Therefore, the state of A<B<C is most 

preferable. 

(Embodiment 4) 

A storage device in Embodiment 4 has essentially 
the same structure as that in Embodiment 1 except that in 
the present embodiment, the semiconductor substrate is an 
SOI substrate, as shown in Fig. 12. 

The storage device is structured such that a 
buried oxide film 18 8 is formed on a semiconductor 
substrate 186, and on top of the buried oxide film 188, an 
SOI layer is further formed. In the SOI layer, there are 
formed diffusion layer regions 112, 113, and other areas 
constitute a body region 187. 

This storage device also brings about the effects 
similar to those of the storage device in Embodiment 3. 
Further, since the junction capacitance between the 
diffusion layer regions 112, 113 and the body region 187 
can - be considerably reduced, it becomes possible to 
increase a device speed and to decrease power consumption. 



(Embodiment 5) 
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A storage device in Embodiment 5 has essentially 
the same structure as that in Embodiment 1, except that in 
Embodiment 5, a P type highly-concentrated region 191 is 
provided, as shown in Fig. 13, in the vicinity of the 
5 channel side of N type source/drain regions 112, 113. 

More specifically, the concentration of P type 
impurity (e.g., boron) in the P type highly-concentrated 
region 191 is higher than the concentration of P type 
impurity in the region 192. An appropriate value of. the P 

10 type impurity concentration in the P type highly- 
concentrated region 191 is, for example, around 5 x 10 17 to 
1 x 10 19 cm" 3 . Also, a value of the P type impurity 
concentration in the region 192 may be set to, for example, 
5 x 10 16 to 1 x 10 18 cm" 3 . 

15 Providing the P type highly-concentrated region 

191 makes the junction between the diffusion layer region 
112, 113 and the semiconductor substrate 111 steep right 
under the memory function parts 161, 162. This facilitates 
generation of hot carriers in write and erase operations, 

20 thereby enabling reduction of voltage in write operations 
and erase operations or implementing high-speed write 
operations and erase operations. Further, since the 
impurity concentration in the region 192 is relatively low, 
a threshold value when the memory is in erased state is 

25 small and. so the drain current becomes large. 
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Consequently, a read speed is - increased. This makes it 
possible to provide a storage device having low rewrite 
voltage or a high rewrite speed, and having a high read 
speed. 

5 Also in Fig. 13, by providing the P type highly- 

concentrated region 191 in a position adjacent to the 
source/drain region and on the lower side of the memory 
function part 161, 162 (that is a position not right under 
the gate electrode), a threshold value of the entire 

10 transistor shows considerable increase. The degree of this 
increase is extremely larger than that in the case where 
the P type highly-concentrated region 191 is right under 
the gate electrode 117. When write electric charges 
(electrons in the case where the transistor is N channel 

15 type) are stored in the memory function parts 161, 162, the 
difference becomes larger. When enough erase electric 
charges (holes in the case where the transistor is N 
channel type) are stored in the memory function part, a 
threshold value of the entire transistor is decreased down 

2 0 to a value determined by the impurity concentration in the 
channel region (region 192) under the gate electrode 117. 
More specifically, the threshold value in the erased state 
does not depend on the impurity concentration in the P type 
highly-concentrated region 191, whereas the threshold value 

25 in the written state is largely influenced thereby. 
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Therefore, disposing the P type .highly-concentrated region 
191 under the memory function parts 161, 162 and adjacent 
to the source/drain region largely changes the threshold 
value only in the written state, thereby enabling 
5 remarkable increase of memory effect (difference of 
threshold values in the erased state and the written 
state) . 

( Embodiment 6 ) 

10 A storage device in Embodiment 6 has essentially 

the same structure as that in Embodiment 1, except that in. 
Embodiment 6, the thickness Tl of the insulating film 141 
that separates the memory function part (silicon nitride 
film 142) from the channel region or the well region is 

15 smaller than the thickness T2 ' of the gate insulating film 
114, as shown in Fig. 14. 

The gate insulating film 114 has a lower limit of 
the thickness T2 because of the request for withstand 
voltage in memory rewrite operations. However, the 

20 thickness Tl of the insulating film can be smaller than T2 
regardless of the request for withstand voltage. 

In the storage device in Embodiment 6, the 
thickness Tl of the insulating film has high design freedom 
as stated above because of the following reason. In the 

25 storage device in Embodiment 6, the insulating film that 



separates the charge holding film from the channel region 
or the well region is not interposed between the gate 
electrode 117 and the channel region or well region. 
Consequently, the insulating film that separates the charge 
holding film from the channel region or the well region 
does not receive direct influence from the high electric 
fields that act upon a region between the gate electrode 
117 and the channel region or the well region, but receives 
influence from relatively weak electric fields expanding 
from the gate electrode 117 in horizontal direction. As a 
result, despite the request for withstand voltage to the 
gate insulating film 114, it becomes possible to make Tl 
smaller than T2 . Contrary to this, for example in EEPROM 
as typified by flash memory, an insulating film that 
separates a floating gate from the channel region or the 
well region is interposed between a gate electrode (control 
gate) and the channel region or the well region, so that 
the insulating film receives direct influence from high 
electric fields of the gate electrode. In EEPROM, 
therefore, the thickness of the insulating film that 
separates the floating gate from the channel region or the 
well region is limited, which hinders optimization of the 
functions of a memory device. 

As is' apparent from the above, an essential 
reason of high freedom of Tl is the fact that the 
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insulating film that separates the charge holding film from 
the channel region or the well region in the memory device 
of Embodiment 6 is not interposed between the gate 
electrode 117 and the channel region or the well region. 
5 Decreasing the thickness Tl of the insulating 

film facilitates injection of electric charges into the 
memory function parts 161,. 162, decreases voltage for write 
operations and erase operations, or enables; high-speed 
write operations and erase operations. In addition, since 

10 an electric charge amount induced in the channel region or 
the well region increases when electric charges are stored 
in the silicon nitride film 142, increased memory effect 
may be implemented. 

Some electric lines of force in the . memory 

15 function part, which have a short length, do not pass the 
silicon nitride film 142 as shown with arrow 184 in Fig. 
10. Since electric field strength is relatively large on 
such a short electric line of force, the electric fields 
along the electric line of force plays an important role in 

20 rewrite operations. By decreasing the thickness Tl of the 
insulating film, the silicon nitride film 142 moves to the 
lower side of the Fig. 10, so that the electric line of 
force shown with the arrow 183 passes the silicon nitride 
film 142. As a consequence, an effective dielectric 

25 constant in the memory function part 161, 162 along the 
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electric line, of force 184 becomes large, which makes it 
possible to make potential difference between both ends of 
the electric line of force 184 smaller. Therefore,, most 
part of voltage applied to the gate electrode 117 is used 
5 to strengthen the electric fields in the offset region, 
thereby implementing high-speed write operations and erase 
operations . 

As is clear from the above, the thickness Tl of 
the insulating film 141 and the thickness T2 of the gate 

10 insulating film 114 are defined as TKT2 so as to decrease 
voltage in write operations and erase operations or 
implement high-speed write operations and erase operations, 
. and to enable further increase of memory effect without 
degrading withstand voltage capability of the memory. 

15 It is noted that the thickness Tl of the 

insulating film is preferably at least 0.8 nm, which is a 
limit at which uniformity in manufacturing process or 
certain level of film quality is maintained and holding 
characteristics do not suffer extreme deterioration. 

20 More specifically, in the case of a liquid 

crystal driver LSI which has a severe design rule and 
requires high withstand voltage, maximum 15 V to 18 V 
voltage is necessary for driving liquid crystal panel TFTs 
(thin-film transistors) . Eventually, it is not possible to 

25 make the gate oxide film thinner. In the case of mounting 
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nonvolatile memory devices of the present invention as an 
image adjuster together with other devices on the liquid 
crystal driver LSI, the memory device of the present 
invention enables optimum design of the thickness of an 
5 insulating film that separates the charge holding film 
(silicon nitride film 142) from the channel region or the 
well region independently of the gate insulating film. For 
example, in a storage device with a gate electrode length 
(word line width) of 250 ma, Tl and T2 may be separately 
10 set like Tl=20 run and T2=10 run, fulfilling a storage device 
with good write efficiency. (Short channel effect is not 
generated even though Tl . is larger than that of normal 
logic transistors, because the source/drain, region is 
offset from the gate electrode.) 

15 

(Embodiment 7) 

A storage device in this embodiment has 
essentially the same structure as that in Embodiment 1 
except that the thickness Tl of the insulating film 
20 (silicon oxide film 141) that separates the charge holding 
film (silicon nitride film 142) from the channel ' region or 
the well region is larger than the thickness T2 of the gate 
insulating film 114, as shown in Fig. 15. 

The gate, insulating film 114 has an upper limit 
25 of the thickness T2 because of the request for prevention 
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of short channel effect of the device. However, the 
thickness Tl" of the insulating film 141 is allowed to be 
larger than T2 regardless of the request for prevention of 
short channel effect. More specifically, as 

5 miniaturization scaling proceeds (the gate insulating film 
114 becomes thinner) , the thickness Tl of the insulating 
film (silicon oxide film 141) may be optimally designed 
independently of the thickness T2 of the gate insulating 
film, which implements the effect that the memory function 

10 parts 161, 162 will not disturb scaling. 

In the storage device of Embodiment 7, the 
thickness Tl of the insulating film has high design freedom 
as stated above because, as is already described, the 
insulating film that separates the charge holding film from 

15 the channel region or the well region is not interposed 
between the gate electrode 117 and the channel region or 
the well region. As a result, despite the request for 
prevention of short channel effect to the gate insulating 
film 114, it becomes possible to make the thickness Tl of 

20 the insulating film larger than the thickness T2 of the 
gate insulating film 114. 

Increasing the thickness of the insulating film 
141 makes it possible to prevent dissipation of the 
electric charges stored in the memory holding bodies 161, 

25 162 and to improve holing characteristics of the memory- 
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Therefore, setting thte thickness Tl of the 
insulating film and the thickness T2 of the gate insulating 
film 114 as T1>T2 enables improvement of holding 
characteristics without deteriorating short channel effect 
5 of the memory. 

It is noted that the thickness Tl of the 
insulating film is preferably 20 nm or less in 
consideration of reduction of a rewrite speed. 

More specifically, a conventional nonvolatile 

10 memory as typified by flash memory is structured such that 
a selection gate electrode constitutes a write/erase gate 
electrode, and a gate insulating film (including a floating 
gate.) corresponding to the write/erase gate electrode 
serves also as an electric charge storage film. 

.15 Consequently, since the request for miniaturization 
(creation of thinner devices is essential for restraining 
short channel effect) conflicts with the request for 
securing reliability (in order to control leakage of stored 
electric charges, the thickness of an insulating film that 

20 separates a floating gate from the channel region or the 
well region cannot be decreased to smaller than approx. 7 
nm) , miniaturization of the device is difficult. In fact, 
according to ITRS (International Technology Roadmap for 
Semiconductors), miniaturization of a physical gate length 

25 down to approx. 0.2 micron or lower is not yet in sight. 
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In the storage device of the present invention, independent 
designing of Tl and T2 is available as described above, and 
therefore miniaturization becomes possible. In the present 
invention, for example, in a storage device with a gate 
5 electrode length (word line width) of 450 run, Tl and T2 are 
separately set as T2=4nm and Tl=7nm, fulfilling a storage 
device free from generation of short channel effect. Short 
channel effect is not generated even though T2 is set 
larger than that of normal logic transistors, because the 

10 source/drain region 112, 113 is offset, or displaced away 
from the gate electrode 117. Also, since the source/drain 
region is offset from the gate electrode in the storage 
device of the present invention, miniaturization is further 
facilitated compared to normal logic transistors. 

15 As described above, according to the storage 

device of the present invention, since an electrode for 
helping write and erase operations is not present above the 
memory function part, the insulating film that separates 
the charge holding film from the channel region or the well 

20 region does not directly receive the influence of high 
electric fields that would occur between the electrode 
helping write and erase operations and the channel region 
or the well region, but receives influence only from 
relatively weak electric fields expanding from the gate 

25 electrode in horizontal direction. This makes it possible 
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to fulfill a storage device -having the gate length 
miniaturized more than the gate length of the logic 
transistors. 

5 (Embodiment 8 ) 

Embodiment 8 relates to a method of operating 
memory devices . 

First, the write operation principle of the 
memory device will be described with reference to Figs. 16 
10 and 17. In these figures, reference numeral 203 denotes a 
gate insulating film, 204 ■ denotes a gate electrode, WL 
denotes a word line, BL1 denotes a first bit line, and BL2 
denotes a second bit line. . The following will describe a 
case in which a first memory function part 231a and a 
15 second memory function part 231b have a function of holding 
electric charges. 

It is noted that the term ^write" refers to the 
action of injecting electrons into the memory function part 
231a, 231b when the memory device is of N channel type. In 
20 the following description (including description about read 
method an erase method) , it is assumed that the memory 
device is of N channel type. 

In order to inject electrons (write) into the 
second memory function part 231b, as shown in Fig. 16, a 
25 first diffusion layer region 207a (having N-type 



-50- 



conductivity) is set to be a source region and a second 
diffusion layer region 207b (having N-type conductivity) is 
set to be a drain region. For example, 0 V may be applied 
to the first diffusion layer region 207a and the P type 
5 well region 202, +5 V to the second diffusion layer region 
207b, and +5 V to the gate electrode 204. Under these 
voltage conditions, an inversion layer 22 6 extends from the 
first diffusion layer region 207a (source region) but fails 
to reach the second diffusion layer region 207b (drain 
10 region), resulting in generating a pinchoff point. 

Electrons are accelerated by high electric fields from, the 
pinchoff point to the second diffusion layer region 207b 
(drain region) and turn to be so-called hot electrons (high 
energy conductive electrons) . By injecting these hot 
15 electrons, into the second memory function part 231b, a 
write operation is executed. It is noted that in the 
vicinity of the first memory function part 231a, hot 
electrons are not generated and therefore the write 
operation is not executed. 
20 In this way, electrons are injected to the" second 

memory function 'part 231b. so as to enable the write 
operation. 

In order to inject electrons (write) into the 
first memory function part 231a, as shown in Fig. 17, the 
25 second diffusion layer region 207b is set to be a source 
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region, and the first diffusion layer region 207a is set to 
be a drain region. For example, 0 V may be applied to the 
second diffusion layer region 207b and the P type well 
region 202, +5 V to the first diffusion layer region 207a, 
5 and -f-4 V to the gate electrode 204. Thus, by reversing the 
source and drain regions in the case of injecting electrons 
into the second memory function part 221b, electrons are 
injected into the first memory function part 231a for 
enabling a write operation. 
10 Next, an erase operation principle of the memory 

device will be described with reference to Figs. 18, 19, 
and 20. 

In a first method for erasing information stored 
in the first memory function . part 231a, as shown in Fig. 

15 18, a positive voltage (e.g.., +5 V) is applied to the first 
diffusion layer region 207a while a voltage of 0 V is 
applied to the P-type well region 202, reverse bias is 
applied to the PN junction between the first diffusion 
layer region 207a and the P-type well region 202, and 

20 further, a negative voltage (e.g., -5 V) is applied to the 
gate electrode 204. At this time, in a portion of the PN 
junction in the vicinity of the gate electrode 204, the 
potential gradient is particularly steep due to the 
influence of the gate electrode 204 to which a negative 

25 voltage is applied. As a consequence, hot holes (high- 
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energy holes) are generated by, inter-band tunneling in a 
portion of the PN junction on the side of the P-type well 
region 202. The hot halls are pulled toward the gate 
electrode 204 having a negative potential, as a result of 
5 which hole injection to the first memory function part 231a 
is performed. Thus, an erase operation of the first memory 
function part 231a is executed. Here, a voltage of 0V is 
applied to the second diffusion layer region 207b. 

For erasing information stored in the second 

10 memory function part 231b, potential of the first diffusion 
layer region 207a and potential of the second diffusion 
layer region 207b are reversed in the above process. More 
particularly, a voltage of 0 V is applied to the first 
diffusion layer region 207a while a voltage of +5 V is 

15 applied to the second diffusion layer region 207b. 

In a second method for erasing information stored 
in the first memory function part 231a, as shown in Fig. 
19, a positive voltage (e.g., +4 V) is applied to the first 
diffusion layer region 207a, a voltage of 0 V is applied to 

20 the second diffusion layer region 207b, a negative voltage 
(e.g., -4 V) is applied to the gate electrode 204, and a 
positive voltage (e.g., +0.8 V) is applied to the P-type 
well region 202. In this case, forward voltage is applied 
to between the P-type well region 202 and the second 

25 diffusion layer region 207b, so that electrons are injected 
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into the P-type well region 202*. The injected electrons 
are diffused to the PN junction between the P-type well 
region 202 and the first diffusion layer region 207a, where 
the electrons are accelerated by strong electric fields to 
be hot electrons. The hot electrons generate electron-hole 
pairs in the PN junction. More specifically, by applying 
forward voltage to between the P-type well region 202 and 
the second diffusion layer region 207b, with the electrons 
injected into the P-type well region 202 being a trigger, 
hot holes are generated in the PN junction positioned on 
the opposite side. The hot holes generated in the PN 
junction are pulled toward the gate electrode 2 04 having 
negative potential, as a result of which hole injection 
into the first memory function part 231a is performed. 

According to the second method, even in the case 
where there is not applied voltage sufficient enough for 
generating hot holes by interband tunneling in the PN 
junction between the P-type well region 202 and the first 
diffusion layer region 207a, the electrons injected from 
the second diffusion layer region 207b function as a 
trigger to generate electron-hole pairs in the PN junction 
so that hot holes are generated. Therefore, voltage in 
erase operations can be reduced. Particularly in the case 
where the diffusion layer regions 207a, 207b and the gate 
electrode 204 are offset with respect to each other, there 
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is obtained less effect of providing a steep PN junction by 
the gate electrode 204 with- a negative potential applied 
thereto. Therefore, although generation of hot holes by 
interband tunneling is difficult, the second method can 
cover this shortcoming and implement erase operations at 
low voltage. 

It is noted that for erasing information stored 
in the first memory function part 231a, the first erasing 
method requires application of a voltage of +5 V to the 
first diffusion layer region 207a, whereas the second 
erasing method requires application of only +4 V. As is 
apparent from the above description, according to the 
second method, voltage in erase operations can be 
decreased, which makes it possible to decrease power 
consumption and restrain deterioration of the storage 
device due to hot carriers. 

In either the first or the second erasing method, 
the storage device of the present invention hardly suffers 
excessive erasure. The excessive erasure is a phenomenon 
that along with increase in a hole amount stored in the 
memory function part, the threshold is lowered without 
saturation. This phenomenon is a serious problem of the 
EE PROM that typifies flash memories, which causes a fatal 
operational defect in which selection of storage' devices is 
impossible particularly when the threshold becomes 
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negative. In the storage device of the present invention, 
a large amount of holes, if stored in the memory function 
part, only induces electrons under the memory function part 
and imposes little influence on the potential in the 
5 channel region under the gate insulating film. As the 
threshold in erase operations depends on the potential 
under the gate insulating film, excessive erasure hardly 
occurs . 

Next, description will be given of the principle 
10 of read operation of the memory device referring to Fig. 
20. 

In the case of reading information stored in the 
first memory function part 231a, the first diffusion layer 
region 2 07a is set to be a source region and the second 

15 diffusion layer region 207b is set to be a drain region, as 
shown in Fig. 20, and the transistor is operated in the 
saturated region. For example, a voltage of 0 V may be 
applied to the first diffusion layer region 207a and the P 
type well region 202, +1.8 V to the second diffusion layer 

20 region 207b, and +2 to the gate, electrode 204. At this 
time, if no electron is stored in the first memory function 
part 231a, drain current tends to flow. In the case where 
electrons are stored in the first memory function part 
231a, an inversion layer is hardly formed in the vicinity 

25 of the first memory function part 231a, and so the drain 
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current does not tend to flow.^ Therefore, detecting the 
drain current makes it possible to read information stored 
in the first memory function part 231a. Here, whether or 
not electric charges are stored in the second memory 
5 function part 231b does not affect the drain current due to 
the pinchoff in the vicinity of the drain. 

In the case of reading information stored in the 
second memory function part 231b, the second diffusion 
layer region 207b is set to be a source region, and the 

10 first diffusion layer region 207a is set to be a drain 
region, and the transistor is operated in the saturated 
region. For example, a voltage of 0 V may be applied to 
the second diffusion layer region 207b and the p type well 
region 202, +1.8 V to the first diffusion layer region 

15 207a, and +2 V to the gate electrode 204. Thus, by 
reversing the source and drain regions in the case of 
reading information stored in the first memory function 
part 2 31a, information stored in the second memory function 
part 62 is read. 

20 It is noted that if there is a channel region not 

covered with the gate electrode 204, the presence or 
absence of excessive electrons in the memory function parts 
231a, 231b eliminates or forms the inversion layer in the 
channel region not covered with the gate electrode 204, as 

25 a result of which large hysteresis (change of threshold) 
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may be obtained. However, if * the width of the offset 
region is too large, the drain current is drastically 
reduced, thereby causing considerable reduction of a read 
speed. Therefore, it is preferable to determine the width 
5 of the offset region so as to enable obtainment of 
sufficient hysteresis and read speed. 

When the diffusion layer regions 207a, 207b 
reached the edge of the gate electrode 204, that is, when 
the diffusion layer regions 207a, 207b and the gate 

10 electrode 204 were overlapped, the write operation caused 
almost no change to a threshold of the transistor, though 
parasitic resistance at the edge of the source/drain 
regions suffers considerable change (by one digit or more) , 
resulting in remarkable reduction of the drain current (one 

15 digit or more) . This indicates that detection of the drain 
current enables read operations and that the transistor 
provides a function as a memory. However, if a larger 
memory hysteresis effect is required, it is preferable that 
the diffusion layer regions 207a, 207b and the gate 

20 electrode 204 are not overlapped with each other. 

In the above-stated operation method, selective 
write and erase operations of 2-bit information per 
transistor become possible. Also, by arraying the storage 
devices with word lines WL connected to the gate electrodes 

25 204 of the storage devices, with bit lines BL1 connected to 
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the first diffusion layer regions 207a, with bit lines BL2 
connected to the second diffusion layer regions 207b, a 
memory cell array is constituted- 
Further in the above erase operation, writing and 
erasing of 2-bit information per transistor are achieved by 
reversing the source region and the drain region. However, 
the storage device may be operated as a 1-bit memory with 
the source and drain regions being fixed. In such a case, 
it becomes possible to set the voltage of one of the 
source/drain regions as a common fixed voltage, which makes 
it possible to reduce the number of bit lines connected to 
the source/drain ^regions by half. 

According to the storage device of the present 
embodiment, as is apparent from the above description, the 
memory function parts 231a, 231b are formed on both sides 
of the gate electrode 204, independently of the gate 
insulating film 203. This makes it possible to execute 
two-bit operations. Further, since the memory function 
parts 231a, 231b are separated by the gate electrode 204, 
interference during rewrite operations is effectively 
controlled. Also, since the memory function parts 231a, 
231b are separated by the gate electrode 204, it is 
possible to decrease the thickness of the gate insulating 
film 203 to thereby restrain the short channel effect. 



-59- 



Consequently, it becomes possible to miniaturize the 
device. 

(Embodiment 9) 

5 This Embodiment 9 relates to changes of 

electrical characteristics when a rewrite operation is 
performed in the storage device of the present invention.. 

Fig. 21 shows characteristics of a drain current, 
Id, vs. a gate voltage, Vg, (measured values) when the 

10 electric charge amount in the memory function part of an N- 
channel type memory device changes. In Fig. 21, a solid 
line curve indicates a relation between the drain current, 
Id, and the gate voltage, Vg, in an erased state and a 
dotted line curve indicates a relation between the drain 

15 current, Id, and the gate voltage, Vg, in a programmed or 
written state. 

As clearly shown in Fig. 21, when a write 
operation is performed in the erased state (a state 
indicated by the solid line) , not only the threshold value 

20 simply rises, but a slope of the graph dramatically 
decreases especially in a sub-threshold region. Therefore, 
even in a region with relatively high gate voltage (Vg) , a 
ratio of a drain current in the erased state to a drain 
current in the written state is large. For example, at the 

25 point of Vg=2.5V, the current ratio is still two digits or 
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more. This characteristic is largely different from that 
in the case of an EE PROM (Fig. 22) . In Fig. 22, a solid 
line curve indicates a relation between a logarithm of the 
drain current, Log (Id), and " the gate voltage, Vg, in an 
5 erased state and a dotted line curve indicates a relation 
between a logarithm of the drain current, Log(Id), and the 
gate voltage, Vg, in a programmed, or written state. 

The emergence of the above characteristics is a 
phenomenon peculiar to the case where the gate electrode 

10 and the diffusion regions are offset from each other and 
therefore the gate electric fields hardly reach the offset 
regions. When a storage device is in the written state, it 
is extremely difficult for an inversion layer to be 
generated in the offset region below the memory function 

15 part even if a positive voltage is applied to the gate 
electrode. This causes the small slope of the Id-Vg curve 
line in the sub-threshold region in the written state as 
shown in Fig. 21. When the storage device is in the erased 
state, high-density electrons are induced in the offset 

20 region. Further, while a voltage of 0 V is applied to the 
gate electrode, (i.e., in an OFF state), electrons are not 
induced in the channel below the gate electrode (so that an 
off current is small) . This causes a large slope of the 
Id-Vg curve line in the sub-threshold region in the erased 
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state and a large increase rate of current (conductance) 
even in an over- threshold region. 

As is clear from the above description, the 
storage device of the present invention makes it possible 
5 to make the drain current ratio of the erased state to the 
written state particularly large. 

The following description discusses examples of 
an IC card having the storage devices as defined in 
Embodiments 1 to 7 . 

10 

(Embodiment 10) 

An IC card of Embodiment 10 will be described 
with reference to Fig. 1 and Fig. 2. Fig. 1 is a view 
showing the structure of the IC card. Fig. 2 is a circuit 
15 diagram showing an example of a memory cell array of 
storage devices for use in the IC card. 

In Fig. 1, there are shown an IC card 1/ an MPU 
501, a connection portion 502, a data memory portion 503, 
an operation portion 504, a control portion 505, a ROM 506, 
20 a RAM 507, a line 508, and a reader/writer 509. The IC 
card of Embodiment 10 has a general structure similar to 
that of the conventional IC card shown in Fig. 24, and 
therefore description thereof is omitted. 

The IC card of Embodiment 10 is different from 
25 the conventional IC card of Fig. 24 in the point that in 



the data memory portion 503, storage devices that allow 
miniaturization and therefore enable reduction of 
manufacturing costs, that is, the storage devices according 
to any of Embodiments. 1-7 are used. 

In the case where the data memory portion having 
the storage devices and the logic portion having common 
logic transistors are incorporated in one chip, an effect 
of reducing manufacturing costs of the IC card of the 
present invention becomes still larger since the process 
for fabricating the storage devices and the ordinary logic 
transistors in a mixed manner is extremely easy. Following 
description discusses easiness of the process for 
fabricating the storage devices and the ordinary logic 
transistors in a- mixed manner. 

Each of the storage devices may be formed through 
the same process as the ordinary logic transistors. As one 
example, description will be given of the procedure of 
forming the storage device shown in Fig. 5. First, in a 
known procedure, a gate insulating film 114 and a gate 
electrode 117 are formed on a semiconductor substrate 111. 
Next, on the entire surface of the semiconductor substrate 
111, a silicon oxide with a film thickness of 0.8 to 20 nm, 
more preferably with a film thickness of 3 to 10 nm is 
formed by thermal oxidation method or deposited by CVD 
(Chemical Vapor Deposition) method. Next, on the entire 
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surface of the silicon oxide, a silicon nitride with a film 
thickness of 2 to 15 nm, more preferably with a film 
thickness of 3 to 10 nm is deposited by CVD method. 
Further, on the entire surface of the silicon nitride, a 
5 silicon oxide with a thickness of 20 to 70nm is deposited 
by CVD method. 

Next, the silicon oxide, the silicon nitride and 
the silicon oxide are etched back by anisotropic etching, 
by which memory function parts optimum for storage are 
.10 formed on each of the opposite side surfaces of the gate 
electrode like sidewall spacers. 

After that, with the gate electrode 117 and the 
sidewall spacer-like memory function parts being used as 
masks, ions are injected so as to form diffusion layer 
15 regions (source/drain regions) 112, 113. Then, in a known 
procedure, a silicide process and an upper interconnect 
process may be performed. 

As is clear from the above procedures, the 
procedure for forming the storage device is extremely high 
20 in affinity with the general process for forming standard 
logic transistors. The transistors that constitutes the 
standard logic portion generally have the structure shown 
in Fig. 23. The transistor 7 shown in Fig. 23 is composed 
of the following components: a semiconductor substrate 311; 
25 a gate insulating film 312; a gate electrode 313; sidewall 
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spacers 314 made of an insulating film; a source region 
317; a drain region 318; and LDD (Lightly Doped Drain) 
regions 319. The above structure is close to the structure 
of the storage device. All what is required for changing 
5 the transistor that constitutes the standard logic portion 
to the storage device is, for example, to impart a function 
as a memory function part to the sidewall spacers 314 and 
to remove the LDD regions 319. More specifically, what is 
required is to change the constitution of the sidewall 

10 spacers 314 to the constitution identical to, for example, 
memory function parts 161, 162 of Fig. 5. Herein, the 
ratio of the film thickness of the silicon oxides 141, 143 
to the film thickness of the silicon nitride 142 is 
selected such that the storage device adequately operates. 

15 Even if the film composition of the sidewall spacers 314 of 
the transistor 7 that constitutes the standard logic 
portion is identical to that of .the memory function parts 
161, 162 of Fig. 5, transistor performance is prevented 
from being damaged as long as an adequate width of the 

20 storage device sidewall spacer (that is, a total film 
thickness of the silicon oxides 141, 143 and the silicon 
nitride 142) is selected and the transistor is operated in 
such a voltage range that does not cause rewrite 
operations. Also, for placing the transistors that 

25 constitute the standard logic portion and the storage 



devices in a mixed manner, it is further necessary not to 
form the LDD structure in the storage device portion. For 
forming the LDD structure, impurities are injected after 
the gate electrode is formed and before the memory function 
parts (storage cell sidewall spacers) is formed. 
Therefore, in injecting impurities for forming the LDD 
structure, only masking the storage device areas with a 
photo resist is required, so that the storage devices and 
the transistors that constitutes the standard logic portion 
are easily fabricated in a mixed manner. Further, 
structuring an SRAM from transistors same as those that 
constitute the standard logic portion enables easy mixed 
placement of a nonvolatile memory, a logic circuit and an 
SRAM (Static Random Access Memory) . 

In the case where it is necessary to apply to the 
storage device section a voltage higher than a voltage 
applied to the standard logic portion, all what is required 
is to add a high pressure-resistant well-forming mask and a 
high pressure-resistant gate insulating film-forming mask 
to a standard logic forming mask. The forming process of 
an EEPROM that is widely used in conventional IC cards is 
considerably different from that of the standard logic. 
Consequently, compared to the conventional case where the 
EEPROM is used as a nonvolatile memory and placed together 
with the logic circuit,' according to the present invention, 



it becomes possible to dramatically decrease the number of 
masks and the number of processes- This increases yields 
of chips in which the logic circuit and the nonvolatile 
memory are placed together, thereby implementing cost 
reduction . 

According to the storage devices of the present 
invention, the memory function parts. are formed 
independently of the gate insulating film and placed on 
both sides of the gate electrode. This enables two-bit 
operations. Further, since each of the memory function 
parts is separated by the gate electrode, interference in 
rewrite operations is effectively restrained. Also, since 
a memory function implemented by the memory function part 
and a transistor operation function implemented by the gate 
insulating film are independent from each other, it becomes 
possible to make the gate insulating film thinner to 
control the short channel effect. This facilitates 
miniaturization of the storage devices. 

Fig. 2 is a circuit diagram of one example of a 
memory cell array structured by arraying the storage 
devices. In Fig. 2, reference symbol Wm represents an mth 
word line (thus Wl represents a first word line) , Bin 
represents an nth first bit line, B2m represents an mth 
second bit line, and Mmn represents a memory cell connected 
to the mth word line (the mth second bit line) and the nth 
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first bit line. Without being limited to the above 
configuration, the memory cell array may also be configured 
such that the first bit lines and the second bit lines are 
disposed in parallel or that all the second bit lines are 
5 connected together into a common source line. 

Since the above memory cells are easy to 
miniaturize and allow two-bit operations, it also becomes 
possible to reduce an area of the memory cell array in 
which the storage devices are arrayed. This leads to cost 

10 reduction of the memory cell array. Use of this memory 
cell array in the data memory portion 503 of the 1C card 
enables cost reduction of the 1C card. 

It is noted that the ROM 506 may be composed of 
the . storage devices. This makes the ROM 506 storing a 

15 program for driving the MPU 501 rewritable from the 
outside, which achieves significant improvement, of the 
functions of the IC card. Since the above storage device 
is easy to miniaturize and allows two-bit operations, 
substituting the storage device for the mask ROM hardly 

20 causes increase of a chip area. Also, the process for 
forming the storage device is almost the same as the 
general CMOS forming process, which facilitates mixed- 
placing of the storage devices with the logic circuit 
portion . 
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Like the storage device shown in Fig. 5 for 
example, the memory function part of the storage device for 
use in the IC card of the present invention preferably has 
a sandwich structure in which a film composed of a first 
5 insulator for storing electric charges is sandwiched 
between a film composed of a second insulator and a film 
composed of a third insulator. Here, it is particularly 
preferable that the first insulator is a silicon nitride, 
and the second and the third insulators are silicon oxides. 

10 The storage device having such a memory function part 
enables high-speed rewr.ite operations and has high 
reliability and sufficient holding characteristics. 
Therefore, using such storage devices in the IC- card of the 
present invention makes it possible to increase the 

15 operation speed of the IC card and to improve reliability. 

Also, it is preferably to use the storage devices 
of Embodiment 6 as the storage devices for use in the IC 
card of the present invention. More specifically, it is 
preferable that a thickness (Tl) of an insulating film that 

20 separates a charge holding film (silicon nitride 142) and 
the channel region or the well region is smaller than a 
thickness (T2) of the gate insulating film and equal to or 
more than 0.8 nm. A write operation or erase operation of 
such a storage device is executed at low voltage, or the 

25 write operation or the erase operation is executed at high 
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speed. Further, a memory effect of the storage device is 
large. Therefore, using such a storage device in the IC 
card of the present invention makes it possible to decrease 
the supply voltage of the IC card or to increase the 
5 operation speed. 

Also, it is preferable to use the storage devices 
of Embodiment 7 in the IC card of the present invention. 
More specifically, it is preferable that a thickness (Tl) 
of an insulating film that separates a charge holding film 

10 (silicon nitride 142) and the channel region or the well 
region is larger than a thickness (T2) of the gate 
insulating film and equal to or less than 20 nm. Such a 
storage device is capable of improving holding 
characteristics without intensifying the short channel 

15 effect of the storage device, which makes it possible to 
obtain sufficient memory holding capability while high 
integration being made. Therefore, using such a storage 
device in the IC card of the present invention makes it 
possible to increase storage capacity of the data memory 

20 portion so as to improve its functions or to reduce 
manufacturing costs thereof. 

Also, the storage devices for use in the IC card 
of the present invention are preferably structured such 
that, as described in Embodiment 1, the regions (silicon 

25 nitride 142) for holding charges in the memory function 
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parts 161, 162 are each overlapped with the diffusion layer 
regions 112, 113. Such storage devices are capable of 
obtaining sufficiently high read speed. Therefore, using 
such storage devices in the IC card of the present 
5 invention makes it possible to increase operating speed of 
the IC card. 

Also, the storage devices for use in the IC card 
of the present invention are preferably structured such 
that, as described in Embodiment 1, the memory function 

10 part includes a charge holding film that is disposed in 
approximate parallel with the surface of the gate 
insulating film. Such a structure enables restraint of 
memory effect dispersion among the storage devices, so that 
dispersion of read current may be controlled. Further, 

15 characteristic change of the storage device during memory 
holding may be decreased, and so the memory holding 
characteristics are improved. Therefore, using such a 
storage device in the IC card of the present invention 
makes it possible to improve reliability of the IC card. 

20 Also, the storage device for use in the IC card 

of the present invention is preferably structured such 
that, as described in Embodiment 2, that the memory 
function part includes a charge holding film that is 
disposed in approximate parallel with the surface of the 

25 gate insulating film, and also includes a portion extending 
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in approximate parallel with a lateral surface of the gate 
electrode. Such a storage device enables high-speed 
rewrite operations. Therefore, using such a storage device 
in the IC card of the present invention makes it possible 
5 to increase the operation speed of the IC card. 

(Embodiment 11) 

An IC card of Embodiment 11 will be described 
with reference to. Fig. 3. 

10 The structure of the IC card 2 of Fig. 3 is 

different from, the structure of the IC card 1 in that the 
MPU 501 and the data memory portion 503 are formed in one 
semiconductor chip so as to constitute an MPU 510 with the 
data memory portion being incorporated therein. 

15 As already described in connection with 

Embodiment 1, the forming process of the storage devices 
that constitute the data memory portion 503 is much alike 
the forming process of the devices that constitute the 
logic circuit portion (the operation portion 504 and the 

20 control portion' 505) of the MPU 510, which enables 
extremely easy mixed-placing of the devices of both types. 
If the data memory portion 503 is incorporated in the MPU 
510 and both of them are formed on one chip, considerable 
cost reduction of the IC card becomes possible. Here, 

25 using the above-mentioned storage devices in the data 



memory portion 503 achieves remarkable simplification of 
the fabrication process, compared with the case of using 
EEPROMs for example. Therefore, forming the MPU portion 
and the data memory portion in one chip makes it possible 
to obtain particularly large cost reduction effect. 

It is noted that as with the case of Embodiment 
1, the ROM 506 may be structured from the above-mentioned 
storage devices. This makes it possible to externally 
rewrite the ROM 506 storing a program for driving the MPU 
510, which brings about remarkable increase of the 
functions of the IC card. Since the above storage device 
is easy to miniaturize and allows two-bit operations, 
substituting the storage devices for the mask ROM hardly 
causes increase of a chip area. Also, the process for 
forming the storage device is almost the same as the 
general CMOS forming process, which facilitates mixed- 
placing of the storage device with the logic circuit 
portion. 

(Embodiment 12) 

An IC card of Embodiment 12 will be described 
with reference to Fig. 4. 

The IC card 3 of Fig. 4 is different from the IC 
card 2 in the point that the IC card 3 is of non-contact 
type. Consequently, the control portion 505 is connected 



not to the connection portion but to an RF interface 
portion 511. The RF interface portion 511 is further 
connected to an antenna portion 512. The antenna portion 
512 has functions of communicating with an external 
apparatus and of collecting current. The RF interface 
portion 511 has a function of commutating high-frequency 
signals transmitted from the antenna portion 512 and 
feeding power, and a function of modulating and 
demodulating signals. It is noted that the RF interface 
portion 511 and the antenna portion 512 may be placed 
together with the MPU 510 in one chip. 

Since the IC card 3 of the present embodiment is 
of non-contact type, it becomes possible to prevent 
electrostatic destruction through the connection portion. 
Also, it is not necessarily necessary to have a close 
contact with an external apparatus, which makes freedom of 
applications large. In addition, the storage devices 
constituting the data memory portion 503 each operate at 
low supply voltage (approx. 9V) , compared with conventional 
EEPROMs (supply voltage of approx. 12V), as described in 
detail in connection with Embodiment 8, which enables 
downsizing of the circuit of the RF interface portion 511 
and enables cost reduction. 
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CLAIMS 

1. An IC card comprising: 

a data memory portion (503) having a plurality of 
5 storage devices (Mil, . Mmn) , said data storage devices 
(Mil, . .., Mmn) each comprising: 

a semiconductor substrate (111), a well region 
(202) provided in a semiconductor substrate, or a 
semiconductor film (187) disposed on an insulator (188); 
10 a gate insulating film (114, 203) formed on the 

semiconductor substrate (111), the well region (202) 
provided in the semiconductor substrate, or the 
semiconductor film (187) disposed on the insulator (188) ; 

a single gate electrode (117, 204) formed on the 
15 gate insulating film (114, 203); 

two memory function parts (161, 162, 162a, 231a, 
231b) formed on opposite sides of the single gate electrode 
(117, 204) ; 

a channel region disposed under the single gate 
20 electrode (117, 204); and 

diffusion layer regions (112, 113, 207a, 207b) 
disposed on both sides of the channel region, wherein 

the storage devices are each structured so as to 
change a current amount flowing from one of the diffusion 
25 layer regions to the other of the diffusion layer regions 
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when voltage is applied to the gate electrode, by an amount 
of electric charges stored in the memory function parts or 
by polarization vector. 

5 2. The IC card as defined in Claim 1, further 

comprising: 

a logic portion (504) . 

3. The IC card as defined in Claim 2, further 
comprising: 

communication means (502, 512) for communicating • 
with an external apparatus (509); and 

collecting means (511) for converting 

electromagnetic waves applied from outside to electric 
power. 

4. The IC card as defined in Claim 2, wherein 
the data memory portion (503) and the logic 

portion (504) are formed in one chip. 
20 

5. The IC card as defined in Claim 2, wherein 

the logic portion (504) includes a storage means 
(506) for storing a program that defines operation of the 
logic portion (504), 
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the storage means (506) is rewritable from 
outside, and 

the storage means (506) includes storage devices 
having a constitution identical to a constitution of the 
5 storage devices (Mil, ... Mmn) of the data memory portion. 

6. The IC card as defined in Claim 1, wherein 
two-bit information is stored in each of the 

storage devices (Mil, ... Mmn).. 

10 

7. The IC card as defined in Claim 1, wherein 

the memory function parts (161, 162, 162a, 231a, 
231b) each have a first insulator, a second insulator, and 
a third insulator, 

15 the memory function parts (161, 162, 162a, 231a, 

231b) each have a structure in which a film (142, 142a, 
142b) composed of the first insulator having a function of 
storing electric charges is interposed between the second 
insulator and the third insulator, 

20 the first insulator is silicon nitride, and 

the second and third insulators are silicon 

oxide . 



The IC card as defined in Claim 7, wherein 



a thickness (Tl) of a film (141) composed of the 
second insulator on the channel region is smaller than a 
thickness (T2) of the gate insulating film (114, 203) and 
is 0.8 nm or more . 

9 - The IC card as defined in Claim 7, wherein 

a thickness (Tl) of a film (141) composed of the 
second insulator on the channel region is larger than a 
thickness (T2) of the gate insulating film (114, 203) and 
is 20 nm or less. 

10 • The IC card as defined in Claim 7, wherein 

the film (142,. 142a, 142b) composed of the first 
insulator having a function of storing electric charges 
includes a portion (181) having a surface that is 
approximately parallel to a surface of the gate insulating 
film (114, 203) . 

11 • The IC card as defined in Claim 10, wherein 

the film (142, 142a, 142b) composed of the first 
insulator having a function of storing electric charges 
includes a portion (182) extending in a direction 
approximately parallel to a lateral side of the gate 
electrode (117, 204) . 
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12. The IC card as defined in Claim 1, wherein 

at least part of each memory function part (161, 
162, 162a, 231a, 231b) is formed so as to overlap the 
corresponding diffusion layer region. 
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ABSTRACT OF THE DISCLOSURE 

An IC card includes a data memory portion (503) having a 
plurality of storage devices. The data storage devices 
5 each has: a semiconductor substrate, a well region provided 
in a. semiconductor substrate, or a semiconductor film 
disposed on an insulator; a gate insulating film formed on 
the semiconductor substrate, the well region provided in 
the semiconductor substrate, or the semiconductor * film 

10 • disposed on the insulator; a"' single gate electrode formed 
on the gate insulating film; two memory function parts 
formed on opposite sides of the single gate electrode; a 
channel region disposed under the single gate electrode; 
and diffusion layer regions disposed on both sides of the 

15 channel region. Incorporating ..a memory using the storage 
devices, which allow further miniaturization, provides an 
IC card at low cost. 
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